Kf'fi DE PA RTM RN T T E tJ If V ftC A L. L 

'■ T M' 5^2 57;^^ 

i hix fmnwii wptrieder TM Pmr»pf#i H Ma#m Barcat-wi^f*; 


,';V r-^.* 






v; ■;. w- 


’ '' ' ':•'(• 



TrantporUtkNi / 

Library 

V 

' ( - WAR DEPARTMENT 

Washington 25, D. C., 15 January 1945 

TM 5-252, Use of Road and Airdrome Construction Equipment, : 
published for the information and guidance of all concerned. 

[AG 300.7 (18 Nov 44) ] 

By order of the Secretary of War: 


Official: G. C. MARSHALL 

J. A. ULIO Chief of Staff 

Major General 
The Adjutant General ■ 


Distribution: 

AAF (10) ; AGF (10) ; ASF (2) ; T of Opns (5) ; T of Opns (En; 
SOS Base Sec) (5) ; Dept (10) ; AA Comds (2) ; Arm & Sv Bi 
(2) except Eng Bd (10) ; S Div ASF (1) ; Tech Sv (2) ; Sv ( 
(10) ; PC & S (1) ; Gen & Sp Sv Sch (10) ; USMA (2) ; ROT( j 
(1) ; RTC’s (except AGFRTC’s) (100) ; A (10) ; A (Eng Sec) | 
(5) ; CHQ (10) ; CHQ (Eng Sec) (5) ; D (2) ; AF (2) ; Fiv. I 
(5) copies to each of the following T/O E 5-15, 5-17, 5-21 
5-25, 5-27, 5-35, 5-37, 5-52, 5-72, 5-75, 5-77, 5-88, 5-115 I 
5-192, 5-215, 5-217, 5-225, 5-228, 5-251, 5-255, 5-257, 5-367 ; 

5-4 1 1 . 5-4 1 5, 5-4 1 7, 5-455, 5-457, 5-475T, 5-477T 

For explanation of symbols, see FM 21-6. : 


14652 E. 


Original from 


Digitized by Coi (ole 


lfanspor;atic>r> 

Literary 


CONTENTS 


CHAPTER 1. 

GENERAL 

Paragraphs Page 

Section /. 

Introduction 

1-3 

r 

II. 

Basic considerations 

4-12 

1 

CHAPTER 2. 

CONSTRUCTION OPERATIONS AND ASSIGNMENT 
OF EQUIPMENT 

13 

6 

CHAPTERS. 

Section I. 

CHARACTERISTICS AND CAPABILITIES OF 
EQUIPMENT 

General , 

14-18 

44 

II. 

Tractors 

19-21 

4'6 

III. 

Dozers 

22-25 

49 

IV. 

Scrapers, road, motorized, and towed 

26-29 

69 

V. 

Power shovels, draglines, clamshells and cranes 

30-33 

88 

VI. 

Hauling equipment 

34-41 

101 

' VII. 

Graders 

42-47 

111 

VIII. 

Rooters, plows, cultivators, harrows, and rotary tillers.. 

48-49 

135 

IX. 

Air compressors and pneumatic tools 

50-53 

143 

X, 

Crushing, washing, screening, and auxiliary quarry and 
gravel-pit equipment 

54-56 

146 

XL 

Rollers 

57-60 

169 

XII. 

Bituminous construction equipment 

61-63 

173 

XIII. 

Concrete equipment 

64-67 

183 

XIV. 

Ditching machine, mowers, sweepers, loader buckets, 
clearing units, earth augers, tractor-mounted winches, 
and chain saws 

68-69 

191 

CHAPTER 4. 

Section I. 

CONSTRUCTION AIDS 

General 

70-71 

200 

11. 

Improvised equipment 

72-74 

201 

III. 

Use of explosives 

75-80 

213 

IV. 

Construction drainage and hydraulic aids 

81-84 

230 

CHAPTER 5. 

CAPABILITIES AND USE OF LABOR 

85-91 

232 

CHAPTER «• 

Section I. 

PLANNING CONSTRUCTION OF IMPROVED ROADS 
AND AIRDROMES 

Basic considerations 

92-94 

240 

II. 

Scheduling 

95-101 

241 

III. 

Supervision 

102-107 

258 

CHAPTER?. 

Section I. 

PIONEER ROADS AND ADVANCED LANDING FIELDS 

General considerations 

108-112 

266 

II. 

Pioneer roads 

113-116 

266 

III. 

Advanced landing fields 

117-119 

272 

INDEX 



274 


[ 




Digitized by Google 


Original from 

I I M m / C D C- ITV ir\r 



Digitized by 


CoiKjle 


Original from 


This manual supersedes TM S-^QSOO, Principles of Modern Excavation and Equipment, 

11 August 1942, 


CHAPTER 1 

GENERAL 


Section I. INTRODUCTION 

1. PURPOSE. This manual is written for officers and noncommis- 
sioned officers responsible for road and airdrome construction. It tells 
how to use available equipment and personnel most efficiently, and 
how to plan, schedule, and supervise specific jobs. 

2. SCOPE. The scope of this manual includes: 

a. Basic construction considerations. 

b. Basic construction operations, and equipment used in these opera- 
tions. 

e. Characteristics and capabilities of specific pieces of equipment, 
guides to supervising their operation, and aids for obtaining increased 
work output. 

d. Capabilities and use of labor. 

e. Estimation of work and equipment required, work planning and 
scheduling, and supervision of construction of improved roads and air- 
dromes. 

f. Estimation of work and assignment and use of equipment in con- 
struction of pioneer roads and advanced landing fields. 

3. REFERENCES. Operations and organization of engineer units are 
described in EM 5-5 and FM 5-6. Tactical and technical information 
is available in FM 5-10 for roads and in TM 5-255 for airdromes. 
FM 5-35 includes reference data for road and airdrome construction. 
Other manuals covering related technical subject matter ire: 

a. Camouflage, Basic Principles, FM 5-20. 
b* Explosives and Demolitions, FM 5-25. 

C. Motor Transport, FM 25-10. 
d. Carpentry, TM 5-226. 

«. Topographic Drafting, TM 5-230. 

f. Surveying, TM 5-235. 

Construction of Buildings and Utilities in the Theater of Opera- 
tions, TM 5-280 and TM 5-281. 

h. Rigging and Engineer Hand Tools, TM 5-225. 
j. Water Supply and Water Purification, TM 5-295. 

Section II. BASIC CONSIDERATIONS 

4. GENERAL. The considerations below are basic in assigning, operat- 
ing, and managing engineer equipment and personnel in road and air- 
drome construction. 
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5. JOB REQUIREMENTS. Job requirements are determined by; 

a. Type of job. 

b. Dimensions of road or airdrome. 

C. Quantities of excavation and construction materials used. 

d. Technical specifications. / 

e. Time allotted. 

6. TRANSPORTATION FACILITIES. Transportation facilities for de- 
livering troops, equipment, and material to the work site depend on 
the location of the site with respect to: 

a. Engineer depots from which materials and equipment are obtained. 

b. An adequate network of roads and railroads for the transport of 
materials and equipment. 

e. Airdromes and advanced landing fields for the supply of airborne 
materials and equipment. 

d. Harbors or beaches for the supply of water-borne materials and 
equipment. 

7. TIME. Time is a basic factor in construction operations in theaters 
of operations. Failure to complete a project within the time allotted 
may delay tactical operations and result in failure of the over-all tac- 
tical plan. Economy of time can be attained only by careful, detailed, 
and accurate planning and scheduling of operations, materials, equip- 
ment, and personnel. 

8. SITE CONDITIONS. Site conditions directly influence the lay-out 
of the project and the planning and scheduling of construction opera- 
tions. 

a. Topography. Topography controls volume of cut and fill, length 
of hauls, layout of materials plants (fig. 1) , and construction of com- 
munication facilities. 

b. Soil ond geology. The types of materials excavated, sources of 
embankment materials, and types of equipment employed for different 
operations are determined by soil and geologic conditions. Soil and 
rock materials are described throughout this manual as light, medium, 
and heavy soils, consolidated material, or rock on the basis of their 
excavation characteristics. (See table I.) Occasional reference is also 
made to the Corps of Engineers (Casagrande) classification system 
which is expressed in terms of plasticity and gradation. (See TM 5-255 
and FM 5-10) . 

e. Drainage. Drainage conditions control wetness of materials to be 
excavated, amount of work necessary for preliminary and final drain- 
age, and effect of rains which occur during the construction period. 

d. Vegetation. Vegetation determines the difficulty of clearing and 
grubbing and, to some extent, the accessibility of work areas. 

9. WEATHER, a. Long range planning of construction activities must 
take into consideration normal seasonal fluctuations in climate. When 
tactical plans permit, construction work should be done during the 
best seasons. 

b. Normally, hot, dry weather is ideal for construction work. Con- 
tinued rain interferes with nearly all phases of construction and in 
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Figure 1. Crushing and screening plant located on a hilhide to take advantage of 
gravity in handling and loading materials. 


particular hinders earth-moving operations in plastic soils, (See fig. 2.) 
Jn freezing temperatures, special equipment is re([uired for handling 
soils and aggregates and extra maintenance of all machinery is neces- 
sary, (See fig. 3*) 
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Figure 3. Angledozer building -pioneer road under arctic weather conditions^ Freezing 
temperatures and frozen sOil and tnuck all create serious etfuipmenC maintenance 

problems. 


10. ENEMY INTERFERENCE. In planning a construction job, the 
possibility of enemy interference must be taken into account. Plans 
are made to: 

a. Disperse and camouflage equipment for protection against enemy 
reconnaissance, artillery fire, or aerial observation and bombing. (See 
fig. 4.) 

b. Organize local security against assault by parachute, airborne, or 
gro unci troops. 


Figure 4, Tfack'type tractor xvtth armored cab to protect operator against sniper fire 
and shell a)td bomb fragments. Tractor is towi?ig an S-cubic-ynfd scraper of bolted 
construction to Jacilitate disassembly and reassembly when transported by air. 
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CHAPTER 2 

CONSTRUCTION OPERATIONS AND ASSIGNMENT OF EQUIPMENT 
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Table I. Construction operations and assignment of equipment, Contd, 
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BACKFILLING. 

Replacing excavated material in (I) Dozer tractor-mounted (in- III Best for backfilling ditches, pits, and other excava- 

a trench after a drain has eluding tiltdozer, angle- and tions. (See fig. 14.) 

been placed, or placing it dozer, or bulldozer blades) . II 

against a completed structure. (2) (a) Grader, road, motorized. VII Effective for side-casting windrowed backfill ma- 
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Table /. Construction operations and assignment of equipment. Contd. 
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Table L Construction operations and assignment of equipment, Contd, 


2 
C 5 

o «2 c 


■Sll 


ss-g 

> > O CO 
0 * 1 ® 


g o 2 
C ^ CO 
•-^6 
,U iTi 


o s 

a# .S .5 
V 

o:> 


5 g 2K-6 


> K 


c ^ ^’6 

TVv ^ w 

^ a; H 
C'O'C 

•rt CO (0 g 

S 3 1 


c >-• M a 
3 V » 

o H S _: 


il-§^ 


^ W • 


iiis 2 

2 - S • 

O H 

2 boo's' 

“ .s M e 


o c ^ 

‘ tS *’’2 2 o 
: ^ - S i -S 


pfcN T 

O ^ 


JX *g 

i 

E 

T3 a ^ 
bo ^ 

^ 4: CO 

572 3 O 
2 *C « ^ 
S Sjs 


• o «> • 

S ‘5 

JR 2 ^ c 

s O 2 


ll-lii«l 

cofljj^bo* Sa^ 
3 O cO is *35 >-< 

w a 45 2 o 0.3 .p 
Q 'S. 


0 

w 3 H 

0 

u ' 

N .3 0 
0 CJ '3 


g 

Q >2- 

w 

0 

X 





•3^.S| 


i’S^s 

> *-» <*.4 3 


‘C i: 2 *" .&• 

^ eo-'gs 
2 * 058 ^ 

CO c pC 

j- • 8 « f; S' 

o -p > g O CO 

2 § S I 

P* ? O Sf? p^ s<« 


-gsl 


. a cu }5 5 3 

S X CO 

W 


« S-a 

P- 4» _ 

•5 S 2 

.«-3 S 


« 5 C 


^ pi^ 4> 

2 2 

o ^ 


2 S S 

= KU 

bo a 

•S « I 

.3 > X 

3 OT " 
2 o.!b 


Digitized b' 


y Coi -ole 


Original from 


(2) Dozer, tractor-mounted (in- III Best unit for moving, dumping, and spreading 

eluding tiltdozer, angle- and loosened material when haul distance is less than 

dozer, or bulldozer blades). II 300 feet. Used to pile the material for pick up 

by power shovels or to load directly into trucks . 
through chutes and other loading structures. 
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a windrow. 

(b) Rotary-tiller method. (1) Mixer, rotary tiller, soil- VIII Used to mix a flattened windrow. 

stabilization. 

(c) Travel-plant method. (1) Asphalt and soil aggregate XII Used to pick up windrow of dry aggregate, add and 
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Figure 6, Tractor of 80 dhhp with angledozer windrowing small trees and brush, 
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Figure JL Angtedozer excavating side ditch for pioneer road in fteavy soil. 
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Figure 12> Dragline excavating large drainage ditch. 



Figure IS. Centrifugal pump taking water from a drainage sump beijig epccavhird: . 

by a dragline. v 
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Figure Ij. Bulldozer barklUHng against a completed log culvert under a pioneer-road 
^ embankment. 


D7 tractor and 8-cubic-yard scraper excavating light soil fdr landing-strip 
embankment. 


figure 
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Figure IS. Powr ah miel digging light soil and loading cargo trucks for long haul in 
hindlng-ship emlmnktnejit construction. The cargo trucks are quickly unloaded liy 

native labor. 


Figure 19, fill material for taxiways and hard Uondwgs being excavated from below 
water level by 2-cubic-yard dragline, Mulerial is hauled to fill by scrapers. 


ubic-yard dragline, Mulerial is hauled to fill by scrape 
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Figure 23. Rarik' huger digging ex^loralion holes to delerminr quolky and avail 






Rooter towed by 9t 120 dhhp frartor loosening consolidated material 
before excapation. 


Figure 22, 
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Figure 24, Eighty-dbUp tractor zuith 8<uhic-yard scraper spreading landing-strip 
embankment material in a 12-indi layer. 


Figure 25, Dump truck using tailgate to control spread of gravel being dtunped on 

road subgrade. 



Go yle 



Fii^ure 26, Motorized grader spreading piles of base-course material left by dump 

' ■ ■ trucks. 


Figure 27. Compaction of landing-strip embankment by construction traffic. 
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Fipire 30. Chisehtoo'th cultivator loosening heavy soil containing rocks and small 

roots. 








Figure ^1. Skid-mounted 750-gallon tank placet^ fin t*‘uck and equipped with spray 


bar for sprinkling base-course material. 
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Figure 5 ?. Rotary tiller viixing base-course material in landing-stf ip construction. 
Nate Inick-rnounted sprinkler moving ahead of tiller. 
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Figure Pneumatic pax/ing breaker shattering and scaling rock in quarry operations, 


Figure 35. Trailer-mounted crushing and screening plant producing aggregate for 
road cofist ruction. Dump truck is delhiining maltrinl from the quarty, power shovel 
is lifting rock to hopper of au&hery and one dump truck, with another waiting its 


turn, is receiving crushed rock 
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Figure 36. Clamshell loading aggregates from stock pile 'into batching plant. Dump 
truck is receiving a batch of aggregate from the planL 


Figure 31. Angledozer and overhead bucket loader working in gravel pit. The angle^ 
dozer is excavating and piling the gravel and the loader is loading dump tr:itks. 
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Figtm 38. 


Rotary broom sn^eeping loose materia! from surface to 


treated. 
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Figure 2. Blade grader working windrowed material. 


Figure 43, Traxteling asphalt plant consisiing of bucket loader and mixer. 
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Figure 4^, Asphalt and aggregate mixing plant in operation. This plant consists of 
JO units ami will produce from SO to 150 tons of mixed hituwen ami aggregate 

■ per hour. 


Figure 45. Concrete paving plant consirucling taxiways lor airdrome: PUnil consists 
of 34E paver, 20’f(tol-wide form ridlug amnele pnhher. duuip trucks delivuriug 
batched aggregate, and steel forms, 
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CHAPTER 3 


CHARACTERISTICS AND CAPABILITIES 
OF EQUIPMENT 

t 


Section I. GENERAL 

1 4. PURPOSE AND SCOPE, o. Purpose. The purpose of this chap- 
ter is to aid officers in charge of road and airdrome construction 
projects in using engineer construction equipment most effectively. It 
also gives methods of estimating work output. 

b. Scope. This chapter discusses all pieces of equipment organic 
and immediately available to engineer units normally engaged in road 
and airdrome construction. The following information is given regard- 
ing equipment: 

(1) Physical characteristics. 

(2) Primary and secondary uses. 

(3) Methods of estimating work output. 

(4) Principles of management for maximum work output. 

15. PHYSICAL CHARACTERISTICS. Information is given on dimen- 
sions, weights, and other characteristics useful in planning transporta- 
tion and application and in estimating work output. 

16. PRIMARY AND SECONDARY USES. a. Primary uses. These 
are the uses for which a piece of equipment is designed. Maximum 
work output is normally obtained. 

b. Secondary uses. Some equipment can be put to uses for which 
it is not primarily designed. Normally it is substituted for other equip- 
ment and will perform with relatively low efficiency. For example 
under certain conditions, the dozer loading trucks through a trap, 
ramp, or chute (sec. II ch. 4) , can replace the power shovel in an 
earth-moving team. The work output of the dozer (sec. Ill ch. 3) , can 
be estimated and the number of hauling units adjusted to fit its output. 

17. ESTIMATING WORK OUTPUT, a. Estimated work output of a 

piece of equipment is normally determined in two ways: 

(1) By using a work output formula based on the cycle of opera- 
tion and other factors which control production. 

(2) By using tables based upon past' experience of average work 
output under varying conditions for different operations. 

Note. Work-output formulas and tables presented in this chapter should be used 
only as a guide and should be modified to meet demands of the situation. 

b. To calculate output of earth-moving equipment, it is necessary to 
consider the volume changes in earth caused by handling. Under- 
standing of the following terms is essential. 
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Table II. Soil conversion Jactors 


Conversion factors for earth-volume change 


Soil 

Present soil 

Converted to: 

type 

condition 

In place 

Loose 

Compacted 


In place 

1.00 

1.11 

0.95 

Sand 

Loose 

0.90 

1.00 

0.86 


Compacted 

1.05 

1.17 

1.00 


In place 

1.00 

1.25 

0.90 

Common earth 

Loose 

0.80 

1.00 

0.72 


Compacted 

1.11 

1.39 

1.00 


In place , 

1.00 

1.43 

0.90 

Clay 

Loose 

0.70 

1.00 

0.63 


Compacted 

1.11 

1.59 

1.00 


Example: 1 cubic yard of sand in place equals 1.11 cubic yards loose. 


b. Balancing the output of major pieces of equipment working in 
teams with labor and other pieces of equipment. Balancing requires 
enough supplemental and auxiliary equipment and labor to op>erate 
major pieces of equipment at their maximum output. 

c. Employing special techniques in using equipment expediently. 

d* Maintaining work output during extreme weather conditions. 

Sftction II. TRACTORS 

19. PHYSICAL CHARACTERISTICS. See table III for dimensions 
and weights of tractors. 

20. USE OF TRACTORS, o. Purpose. Tractors are multipurpose 
machines designed to tow or push construction equipment. See table 
IV for drawbar pull and speed of tractors in all gears. Tractors are 
useful in virtually all road and runway construction operations. 

b. Controlling factors. Use of tractors is controlled primarily by 
the type of material in which operations are performed. 

(1) Crawler-type tractors. Crawler-type tractors operate best on 
material such as common earth and gravel. They can operate in muck 
or water to depths approximately to the top of the tracks. Full draw- 

, bar horsepower cannot be obtained on sand or smooth-rock surfaces 
because of track slippage. 

(2) Rubber-tired tractors. Rubber-tired tractors operate best on 
gravel, common-earth, and smooth-rock surfaces. They can be used 
where crawler-type tractors would be harmful to the road or runway 
surface. Full drawbar horsepower (dbhp) cannot be obtained on sand 
or mud because of tire slippage. Operation in deep mud or muck is 
difhcult or impossible. 
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Table III, Physical characteristics of tractors^ 



Over>«ll dimensions 

1 

Equipment 

Length 

(inches) 

Width 

(inches) 

1 Height 
1 (inches) 

Weight* 

(pounds) 

Tractor, wheeled, rubber-tired, gasoline, 23-dbhp, 
Case SI. 

i 

129 

1 50 

73 

3,300 

Tractor, wheeled, rubber-tired, gasoline, 30-dbhp, 
Case Dl. 

no 

64 

66 

4,000 

Tractor, crawler, gasoline, 20-dbhp, Allis-Chal- 
mers WM. 

102 

68 

57 

6,800 

Tractor, crawler, gasoline, 35-dbhp, Caterpillar 
R4. 

129 

62 1 

61 

9,400 

Tractor, crawler, Diesel, 35- to 40-dbhp, Cater- 
pillar D4. 

122 

62 

61 

10,000 

Tractor, crawler, Diesel, 35- to 40-dbhp, Inter- 
national TD-9. 

114 

76 

67 

9,850 

Tractor, crawler, Diesel, 55- to 65-dbhp, Allis- 
Chalmers HD-7W. 

125 

70 

86 

13,600 

Tractor, crawler, Diesel, 55- to 65-dbhp, Cater- 
pillar D6. 

150 

81 

73 

16,300 

Tractor, crawler, Diesel, 70- to 90-dbhp, Cater- 
pillar D7. 

163 

98 

nm 

23,700 

Tractor, crawler, Diesel, 110- to 140-dbhp, Cater- 
pillar D8. 

183 



34,200 

Tractor, crav.der, gasoline, 15-dbhp, Clark-Air, 
CA-1. 

95 

40 

62 

3,350 


1 Dimensions are maximum for tractors in each horsepower class. 
* Without attachments. 
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21. USE OF TRACTORS IN DEEP WATER. Tractors can operate in 
deep water for short periods of time if properly waterproofed. See 
table V for depths at which waterproofed tractors can operate. 

Table V* Operating depths for waterproofed tractors. 


Tractor 

Operating depth 
(inches) 

D8 

70 

D7 

70 

D6 

60 

D4 

' 50 

R4 

50 


Section III. DOZERS 

22. PHYSICAL CHARACTERISTICS. See table VI for data on 
dimensions and weights of dozers. 

23. USE OF DOZERS, o. Purpose. Dozers are a multipurpose ma- 
chine capable of digging, pushing, dumping, and spreading. They are 
used primarily for short-haul excavation and as an auxiliary to other 
earth-moving equipment. 

b. Controlling factors. Use of dozers is controlled by type and con- 
dition of material and lei^th of haul. 

(1) Dozers are most effective in soils which tend to remain in front 
of the bowl during travel. This includes most materials except loose 
granular material and shattered rock. Cemented materials require 
supplemental use of explosives or tractor-drawn rooters. Dozers cannot 
operate in muck higher than the top of tractor tracks. 

(2) Dozers are most efficient at their loading distance of approxi- 
mately 25 feet but will operate satisfactorily on hauls up to 300 feet. 
Tractor-drawn scrapers and power shovels with dump trucks are more 
efficient than dozers on hauls over 300 feet. 

24. ESTIMATING WORK OUTPUT, a. Work output formula for 
oarth moving. In excavation, stripping, and backfilling, the formula 
shown below is used to estimate work output in cubic yards per hour. 
Before using this formula, careful study should be given to paragraph 
25a, and allowance made for the efficiency of each type dozer and the 
class of work to be performed. 

OUTPUT = Q X / X X ^ (in cubic yards, either in-place 

Cm or compacted depending on 

conversion factor f) 

Where, (> = bowl capacity in loose cubic yards. 

/ = soil conversion factor. 

60 = minutes per hour. 

E = the dozer efficiency factor. 

Cm = total cycle time in minutes. 
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(1) Bowl capacity (Q) . The bowl capacity of a dozer is the amount 
of loose earth it will -push on level ground. Attention is called to 
figure 47 and table VJ I in which angiedozeK are shown to be capable 
of moving more material than can bulldozers. This is true only in 
uncompacted material in which angledozers can carry a full bow'l of 
niaterial. Bow4 capacities must, therefore, be corrected for types of 
material and class of work to be accomplished. 


BOWL CAPACITIES 

(SYMBOL-Q) 


LOOSE 

YARDS 


LOOSE YARDS 


TRACTOR 


MODEL 


BULLDOZER 


ANGLEDOZER 


(2) Conversion factor (/) . The /oo.vc yards carried by the dozer can 

be converted to yards or cbmpflt ted yards by the proper con- 

version factor^ See table II and paragraph 17. 

(3) Dozer efficiency factor {£) . The dozer efficiency factor takes 
into account the fact that a full 60-minute work hour is rarely obtained. 
Efficiency varies depending on supervision, operators, maintenance 
recpiiremenrs, and site conditions. Experience shows that the average 
value of 80 per cent used in the example in figure 48 is normal, but 
it must be cliecked on each job by obsers^ation and experience. 


(4) Cycle time (Cm) . Total cycle time in minutes is made up of 
fixed time elements and variable time elements as follow's; 

(a) Fixed time elements. Gear shifting is the only fixed time ele- 


2.63 


Go gle 



GEAR SHIFT, 10 SEC 

TRAVEL FORWARD, 
i,5 MPH 


TRAVEL 
BACKWARD, 
2,S MPH average 


GEAR SHIFT, 10 SEC 


EXAMPLE PROBLEM 


GIVEN 


D7 TRACTOR WITH AN0ia)02Et fSOWt CAPACmr fOf=3.38 CU Yp) 
AVaWWSE KAtA mSTAIKE ONE WAT^‘* 

BTi^ENCr MCfOR 

$Qil CONIilERSIdN TAtT^(EiltiO^SE TO^^l^ 

IN-nACE CUBIC YARDS MOVED PER. HOUR 


DETERMINE FIXED TIME 


two CEAit SHIFTS @10 SEC PER SHIFT 


DETERMINE VARIABLE TIME 


TRAVEL TOfltWARD JOO FT @ I,S MPH 
0.7A MIM 

T;5; X 571^: 

titAytL BACKWARD TOD FT @ 2.S MPH 


ADD «XiD AND VARJASLe «ME ; 

, TOTAL CYCllEtJMt 0.33> 0.7A + D.4A = 1,55 MIN 

siiBsrmiTf iNwoiii^ ■ ^ 


OUTPUT!: 


B31I(CUYDPERHR 


Tshmving mctjw^ q( intf uiaihig d,h.kfr riutfut. 



ment and is independent of haul distance. It varies slightly with type 
of machine and skill of operator, but 10 seconds is a fair average value. 

(b) Variable time elements. The time required for digging, pushing, 
and dumping material can be estimated on the basis of travel speed in 
different gears and the haul distance traveled in each gear. For speeds 
of different tractor models, see table IV. 

b. Tables of typical work output. Tables VII, VIII, and IX give 
typical output, of angledozers and bulldozers on specific construction 
operations. Tljese yardages can be obtained only when all conditions 
are favorable. They should be used as a guide for estimating dozer 
performance, not as a table of output to be expected on every job. 


Table VII. Typical dozer outpul on short havl excavation 


Haul (one-way) 

50 feet 

100 feet 

150 feet 

200 feet 

Tractor 

Bulldozer | 

Angledozer 

Bulldozer 

Angledozer 

- 

Bulldozer 

Angledozer 

Bulldozer 

Angledozer 


In-place yards per hour (average return speed 2.5 mph) 


D8 

166 

206 

100 

125 

71 

88 

55 

68 

D7 

153 

180 

93 

108 

66 

77 

51 

60 

D6 

100 

140 

60 

84 

42 

60 

33 

46 

D4 

81 

128 

52 

76 

37 

54 

28 

42 


In-place yards per hour (average return speed 5.0 mph) 


‘ D8 

187 

233 

116 

143 

83 

103 

65 

81 

D7 

173 

202 

106 

125 

77 

90 

60 

71 

D6 

113 

158 

69 

97 

50 

70 

39 

55 

D4 

98 

143 

60 

88 

43 

63 

34 

50 


Conditions: 

1. Level terrain. 

2. Workable soil (2,700 to 3,000 pounds per cubic yard in-place ) . 

3. 100 per cent efficiency. Apply proper efficiency factor (average E =■ .80) to obtain estimated out- 
put from values given in table. 


Table VIII. Angledozer output (in-place yards per hour) on sidehill cut 




Tractor model 

Z' 

Kind of soil 

D6 

D7 

D8 

Light, loose soil (loam) 

95 

120 

170 

Heavy soil 

70 

90 

125 

Shale 

50 

70 

100 

Boulders or blasted rock 

35 

50 

70 
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Table IX, Typical angledozer output on sidehill roadway construction 

Angledozers 


Linear feet of sidehill roadway construction per hour 


Slope of ground 

Tractor model 

Degree 

Percent 

D8 

D7 

D6 

D4 

5 

9 

780 

720 

470 

410 

10 

18 

440 

400 

265 

220 

15 

27 

290 

270 

175 

150 

20 

36 

210 

190 

125 

no 

25 

47 

155 

145 

95 

80 

30 

58 

120 

no 

70 

62 


25. SUPERVISION FOR MAXIMUM WORK OUTPUT. Supervisors 
responsible for obtaining maximum dozer efficiency should keep the 
following considerations in mind. 

a. Selection of dozer. There are three types of dozers from which 
to choose. They are bulldozers, angledozers, and tiltdozers. Tiltdozer 
and angledozer work should be planned so the operator does not have 
to stop frequently to adjust the position of the bowl. To obtain maxi* 
mum work output, it is necessary to study requirements before work 
begins. 

(1) Bulldozer, (a) Description. The bulldozer is the conventional 
dozer with the bowl and blade at right angles to the long axis of the 
tractor. The bowl can be raised or lowered and tilted slightly but 
not angled. (See fig. 49.) 

(b) Performance. The bulldozer is most efficient for straight drift- 
ing of material. In most operations, the bulldozer can equal the angle- 
dozer in work output. Its bowl capacity is smaller but it can continually 
carry a full load with greater speed. Good tractor-dozer balance is 
achieved because the bowl is mounted close to the front end of the 
tractor. 

(2) Angledozer. (a) Description. The angledozer is designed so 
the Dowl and blade can be angled at 30° to the long axis of the tractor 
or can be used straight across the front of the tractor as a bijlldozer. 

(See fig. 49.) The angledozer bowl can be tilted a small amount but 
must be angled first. It can be raised and lowered in every position. 

, (b) Performance. The angledozer is most efficient for making side- 
hill cuts. In straight dozing work, angledozer bowls normally cannot 
drift a full load of earth because of their large size, and it is frequently 
necessary to engage and disengage the steering clutches to prevent stall- 
ing. This, coupled with poor tractor-angledozer balance, causes ineffi- 
ciency and excess wear on tractor parts. 

(3) Tiltdozer. (a) Description. The tiltdozer bowl is mounted at 
right angles to the long axis of the tractor and cannot be angled. It is 
designed so either end of the blade can be tilted 12 inches below the 
other and the top of the bowl can be pitched forward or back. (See 
fig. 49.) 
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because nraieriai is pusbed fuadtine «n:er' to 

iriio ditrik*?i^^^br vlirecalV FtHrife.5^ Abbks tfe >i»d^ 

used io JxttJibll fctd\ erisStrsrid^ AVben xbkibaii®’')^ 

oyer luO Icet, ii raore-^illtieiH to irutbs baui ukd^ 

direetly to a Heet oI.db?'^Ik worfcjrjgiyindbub^^ 

filling is mwally lanl in V/tis-e layers Itonj § tb tncbes tJdck, kird rnikt 
be tfiQrougdxiy mtopaeteci.- . \ : 


cvr ROOTS ON SIDE ONE 


CUTSIDETWO 

TREE 10 1£ 




Co ole 



TVpICAI. pROFltf 


TYPICAi WORK FIAN 


STRIPPI 


OR WMIt- 
k AfteA 


Fignre S3. Tyftcal plan for eOicient stripping, 


, (1) I Hc V-ty|)& dU.di atuI r^iigh ilittfj 

i,ffi<k‘'o£fy,by Ji'KCls, ' - 

^«) y~tylH' d'M'hi.’ Tlie Vkype dhch is. auixinicicii by an 
tviUt the b<t^d asigled amt jfiU-ti., (See Ag.,55;) - 

Ai >)- IbtiUglx ditdies aie c(ai.^trikaed ivildJ the tlpjcr 
tanvl srfkigiy ol a rraetor working ar nglu tiiTgltktd the 

h iTgili i>ktbe ttiu,:h. ■ (Sea’ tig,- 5o.) ■ ■ ' \ 

(t’k lCtj-rk initpjil. Hiufgh diirUe>: p:tn be. coiijimH itd in apptow' 
/rwhdy 'vtiitdiall’ il^ time ;fe<jMire(l to x'OTi'>tTUtt a 
tVgti%yfxi>;hu , W ,txl a I^.S lrat;r.»k with bulhhio’ttr. . ; 

^Sx. - SUyhli^' ifiS<Ur(ni L’.fM-., On'd-iid th^^dtibst. iihpurtdyil iJie^ .lbr do 
t* iit MckhiJI:. etUiing' IVm rpatb eyinstr f hk huivtffe pyfijxarjlig 

lq>tktk-m;hbs oil tvliich ^dapbt>; tkn wpvryti.. (See hg^ah.) y 

'■V (b) btv'j’pread- 

■'kigy.trihwhhj^^aftfVitrtVAm^^ , 









If fill ^tfuy;liiir 


















SiOE^CAST iVIETHOD 


FIRST PASS 


ANGLE BUDE, THROW 
UP WINDROW 


SECOND PASS 


ANGLE AND TILT 
BLADE, PUCE TRACK 
ON WINDROW 


START AT BOnOM, 
TRACK ON LOW SIDE 


STRAIGHT- OOZING METHOD 


ROUGH DITCH 


WITH BLADE STRAIGHT. PUSH 
DIRT OUT AND UP TO ONE SIDE. 
REPEAT AFTER BACKING TO NEW 
DIGGING POSITION. 


SIDE-CAST METHOD, 
STRAIGHT DOZING, 


RATE: APPROX CU YD PER HOUR OP 

DITCH EXCAVATION WITH D8 ANGLEDOZER 


(USE 87% OF ABOVE FIGURES FOR D7) 

Figure 55 . Mcllmd vf cottslrucliug ^ atid ro 


C.o ole 





SITE OF PROPOSED SiDEHItt CUT 


□ TO DETERWiNE 
EXCAVATIOH 

Area A * liNOtH''!; ■ ' '■ 


Q TO DETERIRHilE 


TIME REQUmEII 


TOTAlViHCUYO 


f i<4^Tt 56 . M f/kM iff 


Co ^le 






SPSEAPtNQ TRUCK DUMPS 


1. Bi^E tH STRftlGKr POSITION 

2. TRAVEl IN PEAR SUITED FOR TYPE Op 

'SPREAD: ■ 


ACCUlUtE CONTROl OF RUDE DE- 

SJRER--;:-.:^ 

IEVEUNO and SMOOTNlNO BY 
dragging BUDE iN RE VERSf 

JtRntes iMted on (peed oMracfor troyei) 


of- sf^eadini^ iruck dumps. 


TRIMMING CUT SLOPES 


1. KEEP BLADE IN STRAIGHT 
POSITION^: 


2. KEEP area TO BE SLOPED 
WITHIN BLADE REACH 


TRIM. DOWN TO LEVEL OF 
CUT 


4- IF CUT IS HARP, BLADE CAN 
BE ANGLED AND EXTEFTOED 
POW USEDr ’ 




5, REMOVE LOOSE MATERIAL 
WITH DOZER 




Tigin^l frbr"i 



BUILDING AND TRIMMING 
SLOPES AND REVETMENTS 






StAGE IN STRAIGHT f» 05 lTJ'^N 

PUSH MAt:ERiAi!tG;tOP. KEEP TOP SURFACE LEVEL 

Fipi'i’ '>% (in.d 'trirnming revet >,ne‘»ts. 




1. BLADE IN STRAfOH? POSITION 


AeCURATB CONTROL. OF BLADE IS 
NECESSARY 

lEVELINO AND SMOOTHING BY 
OR^AGGING BLADE $M REVERB 


2. BEST PRACTICE TO TRAVEL IN LOW 

Gear ; 


iHiK Mdhud itf rrfvn^f- 



QO 



SIDE-BY-SIDE DOZING 


TRAVEL IN LOW GEAR 


BLADES IN STRAIGHT POSITION 


YARDAGE INCREASE BETWEEN D7 
DOZER BOWLS APPROX 1 TO I '/i CU YD 
PER TRIP 


TWO, THREE OR FOUR TRACTORS USED 


SLOT- DOZING 


BLADE IN STRAIGHT POSITION 


SPILLAGE FORMS WINDROWS ON EACH 
SIDE WHICH RETAIN MATERIAL IN 
FRONT OF BOWL 


WORK IN EXACTLY THE SAME TRACKS 


Figure 61. Method of side-by-side dozing and slot-dozing. 




c. Speelai f •ehn^^tii 


^ lime’ and 

increase' ou^pw 

{1) Sidx‘-f)y'4id/^ gives iocrddsecl niupiit 

witeii naxmat i> 10 liiov^d M to liOb febi .: A t t|,tsiajjces less than 50 
Jcel. the CJ^tra yar‘togc obiaiVieO c-llset by ihe i IlOe recpiireci ivj 
nianeuver ilie seennei ,ihh> jplacc, (See hg. 61.) 

Sjal^do^rOg wyes Ajydi^^ dr>/er 

passes to build a windrow oa each siUt rtf the doxrtA p.ith,. These. 
wiOdi’O'vvs form a tfeheh Which dh sttbsetpiettl jaiesses. 

(Seehg; 61.) 


DOWNHILL DOZING 




3. MAKE FOUR OR FIVE PASSES TO BRINK 

orhiii 


I BLADE IN STRAIGHT POSITION 


4. RIDE IHtE Op material DOWN TO 
BOnOM OF SLOPE WITH ONE PASS 


2. WORK CUT AREA TO CENTRAL POINT 


£* 62,. M?ih<)cT of d6un}li{tl . J^^ 


Go ^Ic 





mojsti 




5ttP ONE 


A- mtBlA&E 

B. MOVE PQt^AKD AHO lACkWAKD 
IN4TU. FiH>ZfM UYEft 1^ IVDRN THROUGH 


BRING liA&E yNl>£R fROXEN SURFACE 
ANU llfT BOVyi 


Method ;o^. drKin"'.in ;^onnii', 


CORNER OF BLADE UNDER 


A WORK ONE 

rock 

B. HOLST DOXER BOWL AND tRAVEl FOR- 
VirARO, UFDN6 OUT ROCK WITH A 
FORWARD ROlUNG MOTION , 


DIG AROUND ROCK 


';AMfwd of rf’mwhiir ,iar!t^' tifii! h>Hh'ten 


. • j(7) 0drJiirig: Up;(Tt; down d 55, "^ni^|. Gd fof. 

raeHi(3tLs^' or down a xwtfed or near-Vtftivcal face, 
' . d. 67 for a check list to be used 

in ds^tTnuihig/rlce 


1 STEF ONE ■ 











SfdiHILl ROADS 


St^RT 

I ANGlf atADE, FORWAII0 6^ 

:«ANK StOE 


riNiSHED ROAD 


to FOMAXAM? 

4 REPEAt IN>TO 

IS BUflLT 

5 FINISH 

Vigute.HJ: Working up a near ‘vnlifrit.^ruj;. 


3 WITH MADE RAISED., Of© OUl AAl^flt 


UNfni PIU *UIU>S OF to Of COT RIDE DO^ER TO BOTTOM OF FJU 

.'/ ' F%ur« M. . , . 



LOAD$ 


TRAVEL 


SPREADING 


MECHANICAL 


CHECK DOZEfI PEHEORtVIANCE 
BY THESE RUUES 




IS THE TRACTOR MOTOR KEEPINO UP A FUU RPM. Iff? WORKING, FUUY? 


1$ APPROX I.VMPH HAUL SPIEO MAINtAlNEar 
IS BACK-UP SPIED MADE IN AS HIGH GEAR AS POSSWLSt 
ARE HAMS DISTANCES Kept down to 200 TO 300 PTT 
ARE iOADS OOZEb IN TRENCH WHERE POSSlBIEt 
IS OOWNHIU WSZING^ 


IS TIME BEING WASTED AFTER SPREAD IS. MADE? 


ARE Alt adjustments TO POWER UNIT BEING MAINTAINED? 


ARE BLADES IN GOOD CONOlTlON? 


SHEAVES IN ALIGNMENT? 


CABLE RUNNING FREE? 


PERFORMANCE s TIME 


BATTLES ARE WON OR LOST IN MINUTES 
TIME DEfENDjf ON PERFORMANCE. PER- 
FORMANCE DEPlNEiSO^ V 


THE RlGHL for THE JOB 


THE RIGHT OPl£RATOR 


THE RIGHT PLANNING 


THE RIGHT PROCEDURE 


THE right maintenance 


ChejcH psi i0 dmefi0jW:WpA’i)'(fey A/ petformanc^. 






Section IV. SCRAPERS, ROAD. MOTORIZED, AND TOWED 


26. PHYSICAL CHARACTERISTICS. See table X for d^ta on di- 
mensions, weights, operating speeds, transportation, and fuel and oil 
consumption of scrapers. 

27. USE OP SCRAPERS, a. Purpose. Scrapers, cither tractor-drawn 
or motorized, are earth-moving machines capable of digging and load- 
ing, hauling, and dumping and spreading. I'hey are designed to make 
shallow cuts, haul the material for a considerable distance, and spread 
it in thin layers. Where digging is difficult, they are sometimes supple- 
mented by tractor-drawn rooters to loosen earth or pusher tractors to 
aid in digging and loading to capacity. 

b. Controlling factors. Use of scrapers is controlled primarily by 
the size of the project, the type of material, and the length of haul. 

(1) Scrapers are most effective on large earth-moving jobs such as 
airdromes and roads through rolling country, 

(2) Scrapers dig and load light and medium soils relatively free 
from root masses, stumps, or boulders. Heavy soils or consolidated 
soils require supplemental use of pusher tractors or tractor-drawn 
rooters.. Dry sands without binder will not pile up in scraper bowls. 
Extremely wet or muddy soils are sticky and make it difficult to dis- 
charge scrapers. 

(3) Tractor-drawn scrapers are efficient on hauls between 300 and 
1,500 feet. At 900- to 5,000-foot haul distances motorized scrapers be- 
come more efficient because of their higher speed. Bulldozers and 
angledozers exceed scrapers in efficiency on hauls less than 300 feet. 
Power shovels of l/^- to ^-cubic-yard capacity working with dump 
trucks equal or exceed tractor-drawn scrapers in efficiency at hauls 
greater than 1,500 feet and equal or exceed motorized scrapers in ef- 
ficiency at hauls over 3,500 feet. These haul lengths are apprpximate 
and depend largely on type of material, site conditions, and skill of 
operators. 

28. ESTIMATING WQRK OUTPUT, a. Work output fermulo. The 

following formula is used to estimate scraper output in cubic yards 
per hour: 

OUTPUT = Q X / X 60 X ^ (in cubic yards, either in-place 

Cm or compacted depending on 

conversion factor f) 

Where, Q = bowl capacity in loose cubic yards. 

/ = soil conversion factor. 

60 = minutes per hour. 

E = the scraper efficiency. 

Cm = total cycle time in minutes. 

(1) Bowl capacity (Q). Bowl capacity is expressed either as struck 
capacity or heaped capacity. Struck capacity is the volume of earth a 
scraper will carry when earth is leveled to the top of the bowl. (See 
fig. 68.) Heaped capacity is the volume of earth a scraper will carry 
when material is heaped to the maximum in the center of the bowl. 

(See fig. 68.) In earth-moving operations, scrapers should be filled to 
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• Scraper is loaded to struck capacity (12 cubic yards) with soil weighing 110 pounds per cubic foot. 








S /CU-yO t«OSr^ 


lFv2im\6^-^ \}e(liod of heaf)i^d r((fmrit\ pf \crnpeiS4 


heapecl fapadt)\ ^n tiiis capacity should normally be used as a basts 
fot. perforjnanrt caltula.tioxwv^ ^ i 

(2) Com.wn'ibu /uch>r the scrapei 

caw be cubveftbd lo eltbet- or cbm^«c,ti?d yac of 

the f*roper tonvcrsion iactoT, see table tl and para^capb 37w 

(3) Scrnpijft efficiency faetor (Ey The scraper eiftcifmty factor takes 

iatc» aceoiuu the. fact that at fuU 6()-nimuj.e U'ork hour iv rarely attained, 
Elhciency yarie^s- depending ott supervision, operators, wtaiutenancc te- 
tjuirentenis,: 4Ud Exjieriejite shoves that tbe^^ a ‘ 

value in the esutuiple in f^dre is normal, but 

it must be eheck job by dbsereatiori / 

_ (4) Cycle t if (pjfij- Total cycle time it! 
time elements and variable time, tlemettts as tblhnvS; . " . , ; 

(«) J'ixt4 time elpriicn Is, The itn U{ i-inie I*£t{hir6d Jtoy diggih^ 
iaadingi duhijung and sprejtdingv and' turning aud id- y 

dependehtyb^^ haid arid varies slightly 'buth 

j;UiUieyutyvercscra^^^^^^ site cibndiiitu 

:<>f excavated tnaterials. This iiiue averages M 

(b) Varmble timecehmenis. time rehbiced^’ ^ betweeh 

the ekcavatiiui and the spreading, area cab- be esfithated^U^ ol 

travel speed iff different gears and the haul disto in each 

gear, Ftar S{>eed5 of diifcucrtt tractor Tnodels, s!e^^^ 
bed sa'ajier siiuiild hau 14 (o I d nvph h>r 
b».Trabies''Of '■iTahles.yjH:l;;a . 

average work, o.UtiHJt, in cufitc yards piT httbr: of atid 

12>cubie yard tract ijr-dfawh scrape different soil typUS; lengths 6i 
haul, and motive potveri T’hese yardages can be ohtam wheit 

all «^hdi MOffs are faeopahle,, T'ffey shtni id he used as a giude for es 1 1 - 
rhawhg seta hirtTw a talffe ;d expected - 

brr pvery Similar data is given in table Xllf for the 12-cubi6yard 
motoruca scraper,' 

2«b$^PiSVfStOH WOltK OOtptm Supervisors 

Tesponsible for ohuiiftuig ' ihaslm sh.ould keep ■ tlte 

iolJotving corjsidctations in miffd, ' . 

b. Twtdipg dudild be: do .fitne without 

excessive stress on 

be; obtained, Mo fyjies, tbe^^^ yards of a 

heaped load ritay rc«yuive thoib time- 1 is }v!Stified, attd a few 

extra trips wiil save itme, ,'See Jigtnes 7d, 7J., 4nd 72 lor -sfK;Giat 


Co ^Ic 



- 9.tn»n 4 Kiffi AvtmKiv 




Tunmm u Mtt* 

««0 TtM* 


IVIIMNO .25 MM 
FIXED TIME 


DEAR SHII>T 







If ' ■ 


15 yO“|tv MIN 
, n Vp I MIN 


MAltfMG • . • # MEM AVTEAOE 


SEKEASme .0$ MM 
FIXED TIME 


EXAMPtr^ 


8^;YD scraper (1 1<CU'YD MEAIEED) WITH 07 

; tdW^ON'EARTH.. ■' ; 
imaENCV FACTOR OF 10% 

soil conversion factor (IpOSE to C0MPACTI0N)=^ see TABLE 


DETERMIN& compacted cubic yards moved per nour 


STEP I DETERMINE fixed TIME 
LOADING 
SPREADING 
TURNING 
e,EAR SHIFTS 
TOTAL FIXED TIME 


tOOMlN 
0.5QMIN 
050 MIN 
O.SOMiN 
3.50 MIN 


STl£jP is determine variable time 

TRAVa 1200 FT AT 4.0 MPH 


STEP III iWD FIXED AND VARIABLE TIME 


TOTA4 irrCIt TlME^2.50+3.40=5.4 Ml 


STIP jV SUBSirrUTI IN WOJ!R-OUTI»OT FOiWWUU 


OiltPUt « -fi * BP X ,B0 


64CljlY0PE1iHR 


FigUfr Exapipir problem riilcuiiiu^jtg^ scrkpe^ 


Jvk-, ’ ..•;'''• .’ 


Co, 'OIp sr!«ln.,„™. 
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Table XI ^ Output (cubic ^ards per houry^S-cuhH^yo^d scraper draum by 07 trcicior. 









Table XIII. Output (cubic yards per hour), li-euhk-yard motorized scraper 


Haul 

Light soil 

Medium soil 

Heavy soil 

- 

one-way 

(feet) 

Round 

trii>a 

Cubic 

yards* 

Round 

trips 

Cubic 

yards 

Round 

trips 

Cubic 

yards 

600 

13.6 

184* 

15.0 

180 

14.3 

150 

800 

12.8 

172 

14.0 

168 

13.3 

140 

1,000 

mSM 

162 

13.0 

I 156, 

12.5 

131 

1,200 

11.1 

150 

12.0. 

144 

11.5 

121 

1,400 

10.5 

142 

11.3 

136 

10.9 

114 

1,600 

10.0 

135 

10.7 

129 

10.4 


1,800 

9.5 

128 

10.2 

122 

9.8 

102 

2,000 

9.1 j 

123 

9.7 

116 

9.4 

99 

2,500 

8.0 j 

108 

8.4 

101 

8.2 

86 

3,000 i 

ISi 

98 

7.4 

91 

7.4 

78 

3,500 


89 

6.9 

83 

6.7 

70 

4,000 1 


83 

6.3 

76 

6.2 1 

65 

4,500 

5.6 

76 

5.8 

70 


60 

5,000 

1 

5.2 

70 

5.4 

65 


56 


1 Production is based on good working conditions and efficient operation. Scraper is pusher loaded on 
level by D8 tractor. 

’ Output is in terms of in-place yards; scraper loaded to heaped capacity. 


niques to be followed in loading different soil types, rooted material, 
boulders, and stumps. In planning loading, the following methods and 
factors should be taken into account; 

(1) Downhill loading. Downhill loading uses the force of gravity 
acting on the tractor, scraper, and load to obtain larger loads in less 
time. It should be used in a cut wherever possible. See figure 73. The 
following rule of thumb is used to estimate the effect: the gravity force 
is 20 pounds pull per gross ton of weight per 1 per cent of downhill 
grade. The same rule can be used to calculate the disadvantageous 
effect of uphill travel. 

Example: A tractor-scraper combination weighing 50 tons loading 
down a 10 per cent grade has the normal drawbar pull of the tractor 
plus 20 pounds additional pull for every ton (20 X 50= 1,000) times 
10 (percent grade) or 10,000 pounds of additional pull. This pull will 
^dd more material per load and the added material will, in turn, add 
further to the total gravitational force. 

(2) Straddle loading. When it is necessary to load on the level, as 
in light cuts, stripping, and the like, straddle loading (fig. 73) can be 
used to increase yardage per trip. This method gains yardage on every 
third trip because the center strip loads with less resistance than a 
full cut. 
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doumiiiU m Maximum cffidcncy 

obtaiuect y^fh^^ri tlie ^av^nhiU aud stra are 

cGumbiuetl. , . . , ' ’ 

b. Haunii^, effideury in hauTiit^ 

Vince fMV <#iS-rauon moiV ume U\an any i>ih^,,VlVie iallywing; 

iadurs. sbauld Ue roHsidercd: '■ ‘ ' ' 

(Ij (Jnfi^tmxhle giadi^St. AV many grades as' fmssibie. sbuiUti be 
t'bmiwattd lo pttmtC maxinjum travel ih high travel speeds 


AVERAGE DIRT AND CLAY 


Q M(S£ AaaON aiiST HiGrH ENOUGH SO (VUTERrAJL WItl. NOT ftlE AHEAP OF APRON 

0 REhuiA^ iLftOt TO Maintain steAoy forwarp fRAVEt at niit engine rpm 


SAND 


APRON COM- QrAISE AND lOWER BLADE W|tilE 

PLHEIY RAISED 

a CONTINUE UNm SANQ PILES UP IN 
FRONT OF BLADE 0 REPEAT PUMPING ACPON UNTIL N® 

gRaEASE APRON CABLE SO APRON IN® tOAD IS OBTAINED ^ 
RESTS ON PILE At FRONt : ' 

f}f lyfiei nf xari~ 


in ;djliece«^ 'gears, tkble iV- Grade refbicttnh or huiidiog long easy 
grikitsi is not always hdpful, as. it inay' be nKire eflk-ieiit tj>. tlimh. a 
lireep. Vlfbtt grVde hi .low gear Ihqn tu'traVet a Itmg; moderate grade in 
all iDfexniediaie gdar. See figure, 7# for /C'dmjJutatJon^f showing, the effeei 
oj( production of stt^p.- pootly rftaintai.n‘ed haitf t-oatlsv/. , . ■ . /; - .• 

■ (2) Mamtenaiff^^ haul f&diU, Wdi-maintaiheti haurtdadV eliint- 
natc vibratmri, shock, add . wear on both, bperatoc an.d. machine,, They 
will tediicie «|«fpinert.t tfiaintehance add inerease, nperktor efficiency, , 
(3) £h-nidiaf<on 0/ iurns.'M^ for Ina'eaitmg prodncfioh by 


iMHIi 


H 

■■■L- 



An. 

Wm 

i 





LOADING 


Q OeTAIfN SECOND LOAO AT REAR OF 
; fWST lOAD, 2/3 fN bO^SE iMATE2lAt. 
iM m AREA WHERE FIRST lOAD WAS 
pRTAiN0: > - 

SCONTIFlUE TiiROllOHOUT tOAO 
!N6 2/3 ff< ijOOSE AUiTERlAtr j;:| |N 
V'Xj»REWOUSa)ti ^v‘ 


O RODT AN ^hre sicnoN of cur 

0 OBT AIN FISS2 LOAD AT FRQi^OF 
ROOTED SECTUTN AGAlFm SLO)»E 


S LOAD TOWARDS THE FiU: 


?/• Uu0ti}g^ TOfitrfi- *nu\erhif 



M 



d 

' ' % ^ 








HEAD TRACTOR FOR OBJECT 


WHEN FRONT OF TRACTOR IS ALMOST 
ON OBJECT, SWING TRACTOR SHARP-TO 
SIDE AT RIGHT ANGLES 


THEN STRAIGHTEN AND MOVE ALONG- 
SIDE OBJECT 


i • then straighten tractor quickly 

,«urK. rtRicrt^ SCRAPER WHEELS WILL ALSO STRAIGHTEN 

^J^ir tpTiob L?S S and straddle OBJECT WHICH WILL BE 

*”**^*^ angle in BpfwEEN WHEELS AND BLADE DROP 

l^TONT BIADE. lOAD DIRT WITH BOULDER 

rii^ure 72. Afrthnd of loading houfdars or other material xvitJiOut running o 

rrti ft b ar tor or front udieffs of scraper. Drwe sloioh’ to preifinit to scraper. 

j0 Itenume the object by other tneitfis udirn praclitahle. 






DOWNHILL LOADING 


START AT TOP, WORK COT TOWARD Fill WORK CUTS IN LAYERS FROM BACK TO FRONT 

OF CUT 


WRONG METHOD,, DOES NOT ESTABUSH DOWNGRADE 

STRADDLE LOADING 




MAKE CUTS 1 AND 3 LEAVE CENTER STRIP ONE-HALF OF BLADE WIDTH STRADDLE 

STRIP AND MAKE CUT 


Figure 7 ^. Doxvrihill and straddle loading to increase yardage per trip. 


RIGHT 


79 



cliHviBaiing lutas in hauling , operationi arc^ in 

Tnt m Ivfoper striper tire inftaiioii l^ net'CSMry to ob'^ 

tain rnaxuhwnv ^Tectiyeofess (roiu^ pull. ^ vt-iry : inch of 

s'traffef'ihe pejtfeiratiou 3fi pnumte ariclitw^ 

]jv4t pyy gross ton pf sciaftCT 

be as Icny as gO jtopntfe witlwbt harniftU 

jjresstires a;Fe dbtaiioed by observing peheiraiipn an 

Sary iOnrettiOtts. - -■ ^ :-:/'■■ ■',■/■■ 


THE EFFECT OF ROUGH GROUND 
ON TRACTOR TRAV^t SPEEDS 

(D7 TRACTOR-U SORA»»«#-1jt^ 




ROUGH ROADWAY 


SIRQOTH ROADWAY 


— 5 th 

— 6 mph 
■ 3.8 AMN 

— S.S 
OOcuvo 


TRACTOR CEAR^HAUl AND RETURN - 
— - TRACTOR TRAV^ A|»(® S^^ 
TOTAL TRAVEL riME^TOOO FT. HAUL 

TOTAL TRIPS PER HOUR 

- CU YD EXCAVATION PER HOUR 


SUMMARY 

SMOOTH ROADWAY mMiTTINO TRAVEL BOTH WAYS IN 5TH DEAR ADDS IS CU YO 

wait S'HR SHIFT , '■■ 


(p'f Ranting of (raffle: 


(/>■) Rmling of ?y«j^c. Ptoper tc«>ting ot tTaific 
and liU areas mc^asesvbvei^^ :of thy jofe by preyendt?^ 

terjerence between the ii’arhjns scrapers an 

Mis^DllDftDOtts ppiroflonsy^ ; ^ dsi% ihe 

Sera jks- i n t li e dpera t jnjis pt /Spreading;, mat n tai nihg ^bpese i^nlt slop- 
ing. and ftnidtiitg. ^ 76, 77^ ^^. 19^ 

d, ObDcktfig j»erform«nc#. fiat a check list io be used 

in deiermifting the eftcierrey of scraper 




RIGHT 


:VliONG 


EVERY TURN 
APPROX., 


F^ure 7S. EHmimling umt^<e^t^ iurtu operatiarvi. 





SPREADING AVERAGE DIRT AND SAND 


II SIT BUDE HI6H 6N0UGM TO AUOW 
MATEinAL iFp >ASS 

0 RAISE ARROW , . . StJCKY MATERIAL 
Wia fifOT f Aa fROMT ftPROM 

B 00 WOf fORClE itAaJGAI^^ 

ifWTA MAtfRIM IS lODS^EO EROM 
■- APRON- , 


Q PULL TAILGATE FORWARD FAST ENOUGH 
TO EJECT MATERIAL IN STEADY FLOW 
AND IAAINTAIN EVEN depth Of SPREAD 

0 BEST SPREADING RESULTS OBtAINED 
TRAVELING IN VST OR 3ND GEAR 


EJECTING STICKY MATERIALS 


Q SET BLADE FOR REOUIRED DEPTH OF Q RAISE AND LOWER APRON TO LOOSEN 
SPREAD, ACCORDING TO TYPE OF MA- MATERIAL IN FRONT OF BOWL ^ 
TERIALUSUALIYA TOBINCHES^^ ^ ^^ ^ 

0 PUa TAILGATE FORWARD AND CON. 
Q RAISE APRON. ALLOW E?JCESiMATERIAk tlNUE APRON ACTION 
TO FALL AWAY &EFQRE PUUING TAIL- 

GATE FORWARD J S SOME MATERIALS CAN BE LOOSENED 

■ ‘ " BY PULOnG tailgate FORWARD, THEN 

B IRAVa FORWARD>.t:?P? DIRT, PASSES RETURNING A SHORT DISTANCE ^ 

UNDER BUDE Y : ^ ; 



- ■ — -1 







D turn from center of cut to outside $0 SCRAPER 
WIU COME AGAINST SLOPE 

B DROP BLADE AND START DIGGING WHEN TRAaOR f$ 


PARALUL TO SLOPE ^ 

Q THIS WILL CAUSE SCRAPER TO DIO^ LOWER ON SIOPE 
SIDE 


SLOPES MAINTAINED BY SCRAPER IF CUT 
PROPERLY 


SCRAPER SLIPS AWAY FROM SLOPE, RE- 
SULTS IN EXTRA WORK 

Figure 77 . Method of loading to maintain cut slopes. 


RIGHT 


WRONG 





TO MAINTAIN 
FlU, Si.OI»£ 


RESUliTOF 
INCONReOT MCTHOD 


Q iMPOSSIBif TO AlAINFrAIH AClbUXAn 
DEGREE OF SlrOPEi TENDENCY TO WO«tK 
AWAY FitOM EDGE OF FlU 


IF WET CONDITION PREVAILS ARRANGE ‘ 

FOR DRAINAGE TO WJIVEMT WATER f 

PoOi^eiMCENTHformi 


WRONG WAV 


RIGHT WAY 


Co ole 


;.jriginq| frar 




METHOD OF CUTTING SLOPES 
WITH SCRAPER 


O tN L»VWS ACJfDSS AaEA le 
0 WORK FROM TOf OF 5M5R? DOWM 

S ftmR EACH l^rB! IS CUT, START «EXT CUT AGAINST STORIi 
AiiOWfNG a^e fo TO 

QsTEPS WtU remain TO &e FINISH BY OTHER METHODS OR 
EOUiPMENT 


EMERGENCY FINISHING OF SLOPES 

SCRAPER 


n to riNISK WITH SCRA^P^^ EACH STEP 

B siart AT tOf OF siofi And work down 

0WII^ SCRAPER ON FtANf WITH FiNiSHEO SIC«RE 

of 4r?ii slopes. ^Itk $cmp&s. 






OD OF FINISHING TO GRADE 
WITH SCRAPER BLADE 


•TiT» : ^ 

i wN - > 'SWasr.P 


TftAVa IN iOW 

TAlLGATf PULLED ^RWARO APPROXIMATEIT THREE- 
?W/^PRS A^O HEW IN THAT POSITION 

■ iii' ■•■••■■■ ■• •*' V-’'*v>'«' 

fli^PE ^ GRADE UNI 

Icti# TRAVEL. AS DIRT IS CtiT 

It PILES AGAINST TAILGATE AND DRIFTS INTO LOW 
spots BELOW GRADE LINE 


j^f'0ifte SUl' ,■ Mrfftpit nf ■ finish', ng 


•*V •;.,■/.•••• :■: ' a<.N": ' .^f^. 


Piyjtb: 


t Co ale 
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CHECK SCRAPER PERFORMANCE 
BY THESE RULES 


LOADING 


ARE LOADS HEAPED? 

IS THE LOAD OBTAINED IN 100 FT. OR LESS? 

IS DOWNHHi LOADING MAINTAINED AT AU TIMES WHEN IT IS POSSIBLE? 

ARE LOADS OBTAINED IN THE SHORTEST POSSIBLE TIME-1.0 MIN OR LESS IN AVERAGE 

CONDITIONS? 

WOULD A ROOTER OR PUSHER TRAaOR SPEED LOADING OR YIELD BIGGER LOADS? 


ft 

d 


HAULING 


ARE THE TRACTOR-SCRAPERS AVERAGING 4.0 AAPH IN NORMAL CONDITIONS? 
ARE TURNS BEING AAADE IN V 4 MIN OR LESS? 

IS THE OPERATOR USING THE HIGHEST POSSIBLE GEAR? 

IS THE OPERATOR TRAVEUNG OVER THE BEST POSSIBLE ROUTE? 

ARE ROADWAYS BEING KEPT SMOOTH TO SPEED TRAVEL? 


SPREADING 


ARE LOADS BEING SPREAD IN THE HIGHEST POSSIBLE GEAR AND IN AS SHORT A DIS. 
TANCE AS IT TAKES TO UNLOAD THE DIRT? 

IS spreading ACCOMPUSHED in .5 MIN OR LESS? 

IS THE OPERATOR GETTING OFF THE FILL AS QUICKLY AS POSSIBLE? 


MECHANICAL 


ARE AU ADJUSTMENTS AAAINTAINED? 

ARE BUDES OK? 

IS CABLE RUNNING FREE? 

ARE SHEAVES AND OTHER FRICTION AREAS KEPT THOROUGHLY OILED AND GREASED? 
ARE AU MOVING PARTS WORKING FREELY? 

ARE TIRES INFLATED PROPERLY FOR WORK ON HAND? 

Figure 81. Check list to determine efficiency of scraper performance. 
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section V. POWER SHOVELS, DRAGLINES, CLAMSHELLS, 

AND CRANES 


30. PHYSICAL CHARACTERISTICS, a. See table XIV for data on 
dimensions, weights, and operating capacities of power shovels, drag- 
lines, clamshells, and cranes. 

b. The basic unit called a crane is issued as class IV equipment and 
consists of the cab, power unit, and truck or crawler mounting. The 
basic unit and attachments necessary to complete it are listed below. 


78-2813.003-000 

78-2813.005-000 

78-2813.006-000 

78-2813.008-000 

78-2813.009-100 


78-2813.009-225 

78-2813.009-230 

78-2813.009-235 

78-2813.009-240 

78-2813.009-245 

78-2813.009-250 


78-2813.009-305 

78-2813.009-310 

78-2813.009-315 

78-2813.009-320 


78-2813.009-405 

78-2813.009-410 

78-2813.009-415 

78-2813.009-420 

78-2813.009-500 

78-2813.009-550 


78-2813.009-605 

’/'8-2813.009-610 

78-2813.009-725 

78-2813.009-750 

78-2813.009-800 


CRANE: revolving: 
crawler mounted, ^ cu.y., 7- to 10-ton, 


Class III: 

make and model unspecified: 

electric driven ea. 

gasoline driven ea. 

gasoline electric driven ea. 

steam driven ea. 

make and model unspecified, attachments: 
backhoe ea. 

boom: 

25 ft ea. 

30 ft ea. 

35 ft ea. 

40 ft ea. 

45 ft ea. 

50 ft ea. 

extension boom end: 

5 ft ea. 

10 ft ea. 

15 ft ea. 

20 ft ea. 


extension boom, middle: 

5 ft 

10 ft 

15 ft 

20 ft 

fairlead 

gantry 


10 ft. . . 
pile driver . 
shovel front 
skimmer . . . 


ea. 

ea. 

ea. 

ea. 

ea. 

ea. 


ea. 

ea. 

ea. 

ea. 

ea. 


(Catalog nomenclature) 

Hook blocks, buckets, and other attachments are listed separately 
as crane attachments. They fit any make of crane. The following sample 
items are for 3/^ -cubic-yard cranes. 
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CRANE ATTACHMENTS: 


78-2940.110-075 Bucket, clamshell, ^ cu. yd. 


78-2940.130-075 Bucket, dragline, ^ cu. yd. 


78-2940.400-010 Hook block, 10 ton 


ea. 


ea. 


I 

! 

ea. 


(Catalog nomenclature) 

Note: All catalog numbers listed here are used as examples and are 
subject to change. 


Table XI V. ConVd. Estimated fuel and lubricating-oil consumption 


Machine capacity 
(cu. yd.) 

Fuel consumption per hour* 

1 

Lubricating^oil consumption per hour* ^ 

US Gallons 

Liters 

US Gallons 

liters * 

i 

Diesel engine J 


1.6-1. 9 

6. 0-7. 2 

0.07 

0.26 ! 

m 


2. 4-2. 9 

9.0-11.0 

■yH 

0.38 • 

1 

1 

3. 1-3. 8 

11.7-14.3 

mBBm 

0.38 J 

IH 

3. 7-4. 5 

14.0-17.0 

0. 16 

0.61 ^ 

m 

4. 6-5. 5 

17.4-20.8 

0. 18 

0.68 t 

2 

6. 8-7.0 

22.0-25.5 

0.24 

0.91 1 

2H 

7. 0-8. 5 

26. 4-32. 1 

0.26 

1.00 Ul 

Gasoline engine J 


3. 0-3. 7 

11.3-14.0 

0.05 

0.19 


4. 0-5.0 

15.0-19.0 

0.07 

0.26 

1 

5. 5-6. 7 

20. 8-25. 3 

0.09 

0.34 

IH 

6. 5-8.0 

24.6-30.0 

0. 12 

0.45 

IH 

7. 5-9. 0 

28.4-34.0 

0.14 

0.53 

2 

9.5-11.5 

36. 0-43. 5 

0.17 

0.65 


^ Fuel consumption for operation in normal altitudes. 

* Lubricating-oil consumption based on a complete oil change every 70 hours with oil added during 
operations. 
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To order a machine for a certain job, the basic unit with power- 
type specified must be ordered with the attachments. Each attachment 
needed must be listed separately. The necessary cable for the machine 
ordered is furnished with the basic unit. 

31. USE OF SHOVELS, DRAGLINES, CLAMSHELLS, AND CRANES, 
a. Use. Table XV lists uses of cranes with various attachments. It 
should be noted that although the machines can perform all the opera- 
tions listed, they are used as exp>edients only in some of the operations. 

b. Controlling factors. The type and size of machine used for a 
particular operation are controlled by the following factors: 

(1) Area of project and quantity of earth to be moved. 

(2) Moisture cointent and size of material particles. 

(3) Depth of excavation. 

(4) Hauling methods and type and size of hauling units. 

(5) Distance trucks must carry excavated material. (Shovels are 
best where hauls are 3,000 feet or more.) 


32. ESTIMATE OF WORK OUTPUT, a. Work output formula. 

The following formula is used to estimate shovel output m cubic yards 
per hour: 


OUTPUT = 


smxaxfXEXK 

Cm 


Where 3,600 = seconds per hour. 

Q = rated dipper, clamshell, or dragline bucket ca- 
pacity in cubic yards. 

/= soil conversion factor. 

E = shovel efficiency factor. 

K — bucket or dipper efficiency factor. 

Cm = total cycle time in seconds. 


(1) Rated capacity (Q). Rated shovel, dipper, dragline, or clam- 
shell bucket capacity is expressed as struck capacity, the cubic yards 
of earth the dipper or bucket holds when it is filled level. 

(2) Soil conversion factor (f). Bucket or dipper capacity is expressed 
in terms of loose yards. To determine in-place yards or compacted 
yards excavated, apply the proper soil conversion factor (/) from 
table II. 

(3) Shovel efficiency factor (E). The shovel efficiency factor takes 
into account the fact that a full 60-minute work-hour is rarely attained. 
Output time is lost moving the machine in work, shifting the boom 
up or down, making lubrication checks, refueling, and allowing short 
breaks for the operator. Experience shows that with skillful operators 
an average E value of 0.80 can be used but it must be checked on each 
job for each operator. 

(4) Bucket or dipper efficiency (k). Factor (k) makes allowance 
for the different bucket or dipper capacities (Q) in various types and 
conditions of soil. Table XVI lists the approximate factors used for 
preliminary estimates. Factors (k) shoula be checked and revised as 
the job proceeds. 
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b. Tables of estimated work output. Table XVIII gives the esti- 
mated work output in cubic yards per hour for shovels and draglines. 
These yardages can be obtained only when all conditions are favorable 
and experienced operators are used. 


Table XVIII. Estimaled shovel and dragline otUptd 


Capacity 
(cu. yd.) 

Theoretical 
iDaxunum 
output 
k - 1.00 

100% efl&ciCDcy 
(cu. yd.) 

Estimated output under average conditions 
(Cu. yd. per 50*min. hr.) . 

Easy digging 

Medium digging 

Hard digging 

k * 0.90 

k - 0.85 

k - 0.70 

Shovel 
(90° swing) 



85-95 

70 

35-45 

K 

135 

105-120 

95 

55-65 

1 

180 

140-160 

125 

70-85 

IH 

225 

180-200 

160 

90-105 

IH 

270 

215-240 

190 

110-125 

2 

360 

290-320 

250 

145-165 

2H 

410 

320-360 

290 

170-190 

3 

450 

350-390 

320 

190-210 

4 

545 

410-450 

385 

220-240 

Dragline 
(110® swing) 


75 

60-70 

50 

25-35 

H 

105 

85-100 

70 

35-45 

1 

130 

105-120 

85 

50-60 

IH 

160 

135-150 

105 

60-70 

m 

190 

160-180 

125 

75-85 

2 

220 

185-210 

145 

85-100 

2V2 

265 

225-255 

175 

105-120 

3 

310 

255-290 

205 

125-145 ' 

4 

380 

300-350 

250 

150-170 


33. SUPERVISION FOR MAXIMUM WORK OUTPUT. Supervisors 
responsible for obtaining maximum shovel, dragline, clamshell, and 
crane efficiency should keep the following considerations in mind. 

a. Shovels. (1) General. Shovels are best for general excavation 
against a high working face. All material should be well broken up, 
and rocks and boulders must be small enough to pass through the 
dipper. The shovel should be kept as level as possible. When used on 
soft material, the crawlers should be supported on construction mats. 
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e. CIpmsKeil. (1) General. Clamshells are best used in underwater 
excavation, hopper work, and in controlled excavation such as culvert 
trenches and footings. 

(2) Digging. In hard material, teeth are attached to the bucket 
jaws to facilitate digging. The teeth are removed when unloading cars 
or handling loose material in hopper work. This prevents damaging 
car floors and hopper sides and permits complete car-floor clearing. 

(3) Hoist and swing. Hoist and swing to the dump position are 
done in one motion. To prevent the bucket hitting the boom, the boom 
should never be raised at an angle over 60°. 

(4) Tagline. The tagline is used to hold the bucket in line with the 
machine and keep the lines from twisting and fouling. It must be 
used at all times 

(5) Controlled excavation. A man is used as “bucket spotter” in 
controlled excavation. The operator holds the bucket a few inches 
above the ground, dropping it on signal after the spotter positions the 
bucket. 

d. Lifting crone. Cranes and shovels can be converted to lifting 
cranes and used in clearing work, lifting, and winching. 

e. Trench hoe. Some shovels can be converted to trench hoes, often 
called drag shovels or back hoes. . 

f. Checking performonce. Performance should be checked and 
yardage-time calculations kept on each job. A sample check list to 
determine operating efficiency is shown below. 

Check performance by the following rules 
Digging Swinging Dumping 


1. Is bucket or dipper 
full? 


2. Are loads obtained by 

a short, fast swing? 

3. Would blasting speed 

loading and in- 
crease output? 

4. Is best available at- 

tachment being 
used? 

5. Are teeth necessary 

in digging? 

6. Is drainage complete? 

7. Is face height ade- 

quate (using 
shovel) ? 


1. Is swing as short 

as possible? 

2. Are swing and 

dump combined 
in one motion? 


1. If dumping into 

trucks, is spill- 
age reduced to 
a minimum? 

2. Is dump height as 

low as possible? 

3. Does all the mate- 

rial leave the 
bucket? 

4. Are hauling facili- 

ties adequate? 


Mechanical 


1. Is machine lubricated fre- 

quently? 

2. Are all attachments in good 

condition? 
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3. Is cable in good condition? 
(All except dragline cables, 
should be lubricated.) 
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Scefloit VI. HAULING EQUIPMENT 

34. PHYSICAL CHARACTERISTICS OP DUMP TRUCKS. table 

dimensions, weight^, ami operating tajudty p£ dump 

U'ucks. ' , ■ ;■ ■ -• 

3S« ISSUi OP OUMP TRUCKS.^^ 0ump trucks are issued m organic 

■ etjuipntent t& most engineer units. y\tfcIitionaI dump trttrki can Ije 

obiafiied fru^^ companies O 5^88) . Cargo iruhfes, 

aJtso; orgatnfc ecjuipnieiit b£ nmsi eiiginj^sr used as tlKj>e- 

:dieu(4s \t hen^ d are Mi ayiinaWev^^' 

Mailable irom truck edmp -'fe IE 10-5^ 

3i. USE OP UUMP TRIIC trucks me 

■ used-Ur, ■ . ■; / , • ; 

fi) Keceive, haul, and dump clea^^ materials, sucli as itee.Sr.,stutivj.>s: 

lintkigixMlib . ■ 

(2) dump, attd help spread e^cayaced maierials Irunf 

shovels. nr cranes., 

haul, dumpk and help 

.rmuenalsv/ 

Remve, haul, duuJpji^a hituminous material. 

i(5) Receive, haHlVdunim^^^tt epnerete. (This is not 

a lecommended Vvhen using a .fixed 

mixing plant 4 precauupnfr^ be taken; 

a. rlc^ 4 . 

(c) it is dumped. The mix 

' seji^egates dmtog haiding and sMuiw M wUeti 

■ p.l.tced.' ' ■ ■ '■ ■ '• • ■! '■■:■ . ■, , 

! b. Expedivnf »*«, ^ipedieot use hi to dump- 

trucie vrark is deswibed- hr parage 


37, ESTIMATE OP TRUCK OUTPUT, o. CapacUiei, The struck 
>utd’ heaped capacities ot duiitparuck ;lm ai:e listed in table. XlX 
and iJUisfrated in figure 89v . ^ ^ ^ v ^ ^ ^ 
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3fv5«?EIV^^ «>R MAXIMUM WORK OUTPUT, The syper 

iespomio!e^^;f^^ obtaining' maximum truck efficiency shciijiri keep 
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e. place Irftavicst pbi fibh 4 if f tick ibm duraphody to 

.iiiinuuite tyeighc’d^^^ ^ • 
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tluutp rirow tviih vv ea<.K .sin ceed ing ioad. oi^concret e/ . > 
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SPOTTJNO tOG 
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the other aiyny Itofb oh haul roads hr a uiitir 

H, Lay ciut .toadin^ and duhqring points so ka^ and passing ave 
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AAIA^A l^i 


i. When dumping material that re(|uires s|>reading by a bulldozer, 
move truck idrward as the load is dumped (lig. 91) . 1 his minimizes 
the bulldozer’s spreading job. 

39. BOTTOM-DUMP DIRT OR ROCK WAGON, a. Physical char- 
acteristics. See table XX for data on capacity, weights, dimensions, 
and operating characteristics of bottom-dump dirt or rock wagon. 

b. Use of wagons. 1 he bottom-dump dirt or rock wagon is a heavy- 
duty hauling unit designed for use with a crawler-mounted tractor of 
not less than 50 hp. Crawler-mounted dirt wagons are designed for 
use on terrain not suitable for rubber-tired equipment. 

c. Supervision for efficient use. Supervisors responsible for ob- 
taining maximum dirt-wagon efficiency should keep the following con- 
siderations in mind. 

(1) Maintenance. Preventive maintenance and first echelon repair 
must be performed thoroughly each day. Follow ||;he proper mainte- 
nance manuals and charts. 


Table XX. Capacity, weiyhtR, dimensions, and operating data for bottom-dump 

dirt or rock wagon 


Designation 

Wagon, dirt or rock, rrawler-motintod, 
bottom-dump 

Rating 

l.Vcubic-yard 

Towing speed 

l./i 

i xnph 

Dimensions; 



Over-all — 



Length - 

21'!' 

Width 

10' 


Height -- 

6'9' 

Ground clearance - 

30M' 

Inside dump body : 



Ijength 

13'6' 

Width 

7' 


Depth , 

4'e 

t 

Doors: 



licngth -- 

12' 


Width of opening 

4'4' 

Weight: 



Empty , 

16,70011) 

Loaded _ .. . _ 

48,0001b 

Shipping: 



Uncrated x 

16,5001b 

Crated (2 boxes) . „ 

17,0721b 

Cubage. 

17. 5 ship tons 


Working conditions 


Poor 

Excellent 

Rated performance^ 



Cu yd per 60-min hr 

80 

96 

Cu yid per 50-min hr | 

67 

80 


* 1,000-foot haul distance. 
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'able XXII. Capacity, weight, dimensions, and operating data for equipment trailers 
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GRADERS 
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auxiliary use of scarifiers or tractor-drawn rooters. Extremely wet or 
muddy soil causes the front wheels of the grader to bog down and 
operation becomes difficult or impossible. Dry sand, on the contrary, 
has a tendency to pile up and run over the moldboard. 


44. ESTIMATING WORK OUTPUT, a. Work output formula. The 

time required to complete a grader operation depends on the number 
of passes necessary and the speed maintained on each pass. Speed is 
regulated by the type of material handled. The following work-output 
formula is used to estimate the total time in hours required to com- 
plete a grader operation: 


PXDXB PXDXB 


Total time = -1 ^ + — 

S Si 

Where, P = the number of passes required. 

D = the distance traveled on each pass. 

E = grader efficiency factor. 

S = speed of tractor or motorized grader. 


b. Factors in formula. (1) Number of passes (P) . The number 
of passes depends on the operation and can be estimated before con- 
struction begins. 

(2) Distance (D). Distance traveled in each pass is in miles and can 
be determined before construction begins. 

(3) Efficiency factor (E). Grader efficiency factor takes into account 
the fact that a 60-minute work hour is rarely attained. Efficiency varies 
depending on suj>ervision, operator skill, maintenance requirements, 
and site conditions. The average value of 80 per cent used in the fol- 
lowing example is normal but must be checked on each job by ob- 
servation and experience. 

(4) Speed (S). Speed is in miles per hour. As work progresses, con- 
ditions may require increasing or decreasing speed on subsequent 
passes. The work-output formula must be solved in as many parts as 
there are speeds used. The sum of the values obtained in each part 
is the total time required for the operation. Care must be taken to 
use the correct number of passes for each speed used. See table XXIV 
for speeds of motorized graders; use tractor speeds in table IV for 
towed graders. 


Table XXIV, Speeds of motorited graders in various gears 


Forward 


Gear 

1st 

2nd 

3rd 

4th 

5th 

6th 

7th 

8th 

Low 

High 

MPH 

Min 

1.00 

1.28 

1.83 

2.49 

3.00 

4. 10 

4.90 



1.87 


Max 

1.73 

2.66 



6.30 

8.50 

10.2 

15.9 

2.86 

3.89 


Reverse 
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e. Example: Five miles of gravel road to be leveled and reshaped by 
motorized grader. 

Five passes necessary to complete leveling and reshaping. 
Type of material permits passes 1 and 2 at 1.28 mph, 
passes 3 and 4 at 2.49 mph, and pass 5 at 3.00 mph. 
EfiSciency factor = .80. 


Substituting in work-output formula: 


Total time 


(P) (D) 

2 X 6 X 


(P) (D) 
l8 2 X 5 X 
+ 


1.28 2.49 

(S) (5.) 

- 6.25 -1- 3.21 + 1.33 
-10.8hr 


(S) (P) (Z)) (E) 

.80 1 X 5 X .80 

— + 


3.00 

(St) 


45. SUPERVISION FOR MAXIMUM WORK OUTPUT. Supervisors 
responsible for obtaining maximum grader efBciency should keep the 
following considerations in mind. 

a. Salaction of tractor-grader combinations. (1) Graders should 
have a weight of from 700 pounds per linear foot of blade length on 
light work to 900 pounds per linear foot on heavy work. 

(2) Tractors used should have the greatest number of speeds be- 
tween I 14 and 314 mph and should weigh from 1.9 to 2.2 times as 
much as the grader. 

b. Eliminating unnecessary turns. When a motorized grader makes 
a number of passes over a distance less than approximately 1,000 feet, 
it is normally more efficient to back the grader the entire distance to 
the starting point than to turn the grader around and continue work 
from the far end. (See figure 95.) Never make turns on newly laid 
bituminous road or runway surfacing. 

c. Proper tire inflation. Proper inflation of the tires of motorized 
graders is necessary to obtain maximum effectiveness from engine horse- 
power. Over-inflated tires mean a small contact area between tires and 
road surface and a loss of traction. To increase traction, tire pressure 
may be as low as 15 pounds per square inch (psi) without harmful 
effect to the tires. For best results, pressure should normally be between 
20 to 25 psi. Pressures among tires must be within 1 psi of each other. 
Difference of pressure in rear tires will cause wheels to slip and the 
grader to buck. 

d. Maintaining haul roads. When towed or motorized scrapers, 
dozers, or dump trucks are performing a large earth-moving opera- 
tion, efficiency is increased if haul roads are kept in condition, per- 
mitting high-gear operation. Graders are the best machines for main- 
taining haul roads. The towed grader is more efficient than the motor- 
ized grader for maintaining side ditches during wet weather. 

e. Working in tandem. When maintaining roads, it is most effi- 
cient to use enough graders to complete one side of a road with one 
pass of each grader. In this way, one side of the road is completed 
while the other side is left open to traffic. Operations such as leveling, 
mixing, and spreading are expedited by using graders in tandem 
(fig. 96). 
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TURN " 
GRADER 


after TURN ■ 
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i, PlanntnQ. Elficit iK\ ol grader «.»|jeraiioiis is in direct proportion 
to tl|e number of passes made. Iboper planning is of tuiiuTSt importance 
in eliminating unnecessary passes. 

For example, 5 miles of road is to Ite maintained. Condition of road 
allows a speed of 1.83 mj>h. Five passes are necessary to complete the 
job, but because of improper planning seven passes must be made. 

Time with '' fxisscs 

in m 


Time with 7 passes 


Increase 


40% or 3.47 hr 


9. Effect of rain on grading operations. Construction operations 
are hindered by rain but maintenance operations can be performed 
best after a rain. Graders should be used for maintenance operations 
during the Short period following a rain when soil is damp (no longer 
muddy but not yet dry) . 

h. Proper working speeds. Operations should be performed as fast 


as possible consistent with the skill of the operator and ability of the 


Uigitl.-:-] Go QIC 


■ ■ i - 



Figure 96. Method of mixing windrow with graders in tandem taking successive bites. 


grader to move without stalling. See table XXV for gears normally 
used in various operations. 


Table- XX V. Gear,s normally •usedjar variom operalions 


* See table XXIV for speeds in various gearis. 


i. Grading in reverse. Skilled operators can increase the efficienc)' 


of an operation by working in reverse when distances are short and 
turning is impractical. See paragraph 45b and figure 95. 

[. Maintenance. Road maintenance should begin at the first signs 
of rutting of tu ash boarding. If these conditions are not corrected im- 
mediately, more passes will be required when the operation is finally 
performed. 


46. PROPER OPERATING TECHNipUE. Following are the proper 

techniques to be used in the various operations performed by graders; 

lU 


Opf?ration 

Cear raiiifft* 

Maint-enaDCC-- . 

3rd-'5th. 
2d~4th. 9 

4th--6th. 
lst-'2d. 

1st. ' ■■ 

7th-8th. 

Spreading- - 

Mixing - - 

Ditching - 

Bank sloping--- 

Snow removal 

StriDpine.-,--- 

lst-2d. 

2d-4th. 

Finishing . ... - - - - 


Co ole 
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shoulder-finishing operation is spread on ilu* road to form the desired 
crown. (See figure 104.) 

Note. This method of road building can be adapted to any size road by increasing 
or decreasing the number of steps. The number of steps used depends on the urgency 
of completion. If construction must be expedited, bank slopes can be eliminated and 
the road constructed in the first three steps. When using motorized graders on short 
roads less than 1,000 feet long, it is normally more efficient to finish one side at a 
time by backing the length of tfie road after each operation instead of turning the 
grader. 

b. Construction of various siie roods. (1) Constructing a 10- 

foot-wide road in two round trips. Figure 105 ® shows dimensions of 
the completed road. The following steps are taken to complete the 
road. See figure 105 ®; 

Step 1. Cut ditch approximately 9 inches deep and 4 feet wide. De- 
posit material in a windrow in roadway. 

Step 2. Spread material in windrow to form a smooth surface sloping 
toward side ditches. 

Note. Each step requires two passes, one on each side of road. 

(2) Constructing a 12-foot-wide road in three round trips. Figure 

106 ® shows dimensions of the completed road. The following steps 
are taken to construct the road. See figure 106 ®: 

Step 1. Cut ditch approximately 9 inches deep and on a slope of 
I on 4. Deposit material in a windrow in roadway. 

Step 2. Repeat step 1, cutting ditch 12 inches deep. Move material 
plus a portion of the windrow left on first trip further toward center 
of roadway. 

Step 3. Spread material in roadway to form a smooth surface sloping 
toward side ditches. 

Note. Each step requires two passes, one on each side of road. 

(3) Constructing an 18-foot-wide road in five round trips. Figure 

107 ® shows dimensions of the completed road. The following steps 
are taken to complete the road (fig. 107 ©) : 

Step 1. Cut ditch 15 inches deep and approximately feet wide. 
Deposit material in a windrow on road. 

Step 2. Move material in windrow toward center of road. 

Step 3. Repeat step 1, cutting ditch 30 inches deep and 4^ feet 
wide. Deposit material in a window in road. 

Steps 4 and 5. Spread material in windrow to form a smooth surface 
sloping toward side ditches. 

Note. Each step requires two passes, one on each side of road. 

(4) Constructing an 18-foot-wide road in seven round trips. Figure 

108 ® shows dimensions of the completed road. The following steps 
are taken to complete the road (fig. 108 ©) : 

Step 1. Cut ditch 15 inches deep and approximately 4i/2 feet wide. 
Step 2. Move windrow formed by ditch cut toward center of road- 
way. 

Step 3. Move material to approximate center of road. 

Step 4. Repeat step 1, cutting ditch 24 inches deep with an inside 
slope of 1 oh 2i/^. Deposit material in a windrow on center of road. 
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47. SUPERVISORS CHECK LIST. The following check lists are useful 
in detcrinining efficiency of grader performance on various operations: 


Operation 

1. Leveling 

2. Ditching 

3. Reshaping 

Bank sloping 
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Check list 

1. Is blade set at a sharp enough angle to 

obtain proper slicing action? 

2. Is blade set at proper pitch to obtain 

cutting action? 

3. Is blade set so windrow falls either in- 

side or outside of rear grader wheel? 
Windrow falling under wheel causes 
blade to raise and lower during travel, 
producing a wavy surfacing. Wheels 
of a motorized grader cannot get 
proper traction when traveling on a 
windrow. 

1. Is marking cut made approximately 4 

to 6 inches deep? 

2. Is toe of blade directly behind front 

wheel? 

3. Is blade set so windrow falls inside rear 

wheels? 

4. Is windrow removed before it reaches 

underside of grader? 

5. Is the bank slope step-cut? 

6. Is the heel of the blade lowered to 

maintain inside slope of ditch? 

1. Is maintenance performed in least pos- 

sible number of passes? 

2. Is surface cut to bottom of all holes and 

washboards? 

3. Is material kept on road and not spilled 

into ditch? 

4. Is speed too fast, causing washboarding 

of surface? 

5. Is speed fast enough to maintain effi- 

cient operation? 

G. Has operation been planned so flow of 
traffic is not stopped? 

1. Is toe of blade at bottom of ditch? 

2. Is blade set to give maximum slicing 

action? 

3. Is grader working at highest possible 

speed consistent with its powder and 
the operator’s skill? 
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Check list 


Scarifying 1. Are teeth penetrating too deep so sub- 

grade is torn up and mixed with road 
surface? 

2. If material is hard and consolidated, 
are enough teeth removed to give 
proper penetration? 

S. Is machine traveling as fast as power 
will allow? 


(>. Mixing 1. Is blade pitched forward to obtain drag- 

ging action? 

2. Are graders worked in tandem wherever j 

possible? ; 

« 

$. Is blade taking too much material, pre- j 

venting free rolling? j 

4. Is speed regulated to give proper mix- j 

ing action and at the same time to 

allow full control of grader? | 

5. Is blade set to produce a free flow of 

material? 


7. Spreading 1. Are there any signs of material not 

thoroughly mixed? 

2. Is material being laid to proper thick- 
ness? 

,S. Are wheels being turned on freshly laid 
mix, causing a wavy surface? 

8. Snow removal 1 . Is grader speed high enough to throw 

material to one side? 

2. Has preliminary reconnaissance been 
made to locate any large heavy ob- 
jects that may be hidden under snow? 


Section VIII. ROOTERS, PLOWS, CULTIVATORS, HARROWS, 

AND ROTARY TILLERS 

48. PHYSICAL CHARACTERISTICS. See table XXVI for data on 

dimensions and weights of rooters, plows, cultivators, harrows, and 
rotary tillers. 
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Table XX VL Physical charctcieristica of equipment 



Over-all dimensions 


Equipment 

Length 

(in.) 

Width 

(in.) 

Height 

(in.) 

Weight 

(lb.) 

Remarks 

Rooter, road, 3-tooth, 
cable-operated. 

204 . 

100 

67 

7,500 

Max. depth of penetration 
— 29 in. 

Distance between shanks 
c to c — 43 in. 

Plow, bottoms and discs, 
towed, four 14-in. bot- 
toms. 




2,235 

Working depth— 6 to 14 in. 
Width of cut — 56 in. 

Plow, disc, towed, 28-in. 
disc. 




5,550 

Cutting depth — 5 to 16 in. 
Cutting width — 40 to 60 in. 

Plow, tractor, w/stand- 
ing cutter and single 
plain share. 




1,700 

Cutting depth — 
Min.—4 in. 
Max. — 10 in. 
Cutting width — 
Min. — 16 in. 
Max. — ^22 in. 

Cultivator, chisel-tooth 
12-in. spacing, 8 ft. 
wide. 

147 

96 

48 

2, 370 

Cutting depth — 12 in. 
Cutting width — 90 in. 

Harrow, disc, offset, 24- 
in. discs, 8 ft. wide. 

180 

118 

24 

2,370 

Working width^-8 ft. 

Harrow, spike-tooth, 

four-section. 

120 

240 

-- 

540 

Working width — 20 ft. 

Mixer, rotary-tiUer, soil- 
stabilization, gas-en- 
gine-driven, trailer- 
mounted. 

194 

80 

92 • 

4,625 

Working width — 75 in. 
Mixing depth — 8 to 10 in. 
Operating speed — 

13^ to 23^ mph. 


49. USE pF EQUIPMENT, a. Rooters. (1) Use. Rooters are de- 
signed primarily to remove roots and to break up and loosen 'hard 
material before it is handled by scrapers and dozers. Solid rock must 
be broken up by explosives before using rooters to loosen it further. 

(2) Estimating work output. Work output can be estimated from 
tractor speed and the number of passes required to loosen material 
properly. Tractor speed is based on type and condition of material' 
and number of rooter shanks used. Estimates vary greatly in accuracy 
depending on the estimator, the tractor operator, and the uniformity 
of material. See figure 114 for example problem. 

(3) Supervision for maximum work output. Supervisors responsible 
for obtaining maximum rooter efficiency should keep the following 
considerations in mind. 

(a) Rooters should always be operated with maximum penetration 
of the shanks, using one, two, or three shanks according to the hardness 
of the material (fig. 115). The required number of shanks is deter- 
mined by test, using the maximum number which the tractor can 
pull steadily in the given material. 
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EXAMPLE PROBLEM 


THREf-TOOTH ROOTER WITH 08 TRACTOR 

DEPTH SHANKS Will PENETRATE • 29 IN 

MATERIAL IS TO BE PENETRATED TO A DBTTH OP 6 FT 

ROOTER WIU LOOSEN A STRIP 9 FT WIDE PER PASS 

TRAaOR SPEED- 1.4 AAPH 

AREA TO BE ROOTED IS 1000 FT x 90 FT 

EFFIOENCY FACTOR-.80 


DETERMINE: time required to rqot area 


STEP 1 DETERMINE NUMBER 0 ¥ PASSES NEaSSARY 

WIDTH OF AREA _ 90 FT 

WIDTH OF STRIP LOOSENED PER PASS “ 9 FT “ PASSES 

DEPTH OF REQUIRED PENETRATION _ 6x 12 ^ 

PENETRATION PER PASS “ "29~ *’AS5E5) 

TOTAL NUAUBt OF PASSES = 3 x 10 = 30 PASSES 

STEP 2 DETERMINE TOTAL DISTANCE TO BE TRAVELED 

TOTAL DISTANCE = NUAABER'CH: PASSES x LENGTH OF PASS= 30 x 1000 
= 30,000 FT 

STEP 3 SOLVE FOR TOTAL TIME REQUIRED 

(DIST) 

TIME - W5TANCE _ 30,000 _ . 

time 1.4 x 5.280 *.80 ~ ® 

MPH FT/MILE 

figure 114. Example problem showing method of eslimating number of rooter and 
tractor hours required. When rooter is not operating, tractor is available for other work. 
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ROOT V2 CUT AT A TIME 


0 WORK OF CUT. ENTIRE lENGTH 

B lOAO SCRAPERS IN ROOTED SECTION 

B USE CAUTION WHEN ROOTING AT SLOPE LINES 

Q EMPTY SCRAPERS TRAVEL AREA THAT HAS NOT 
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ROOTED SEOION AND TO KEEP TRAFFIC FLOW 
IN ONI DIRECTION 
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Figure 116 , Root a complete section before scrapers hegm teOrh 
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(2) Eslimaiiug work outjmt. Work oiiipiu ran ho csiiniaiod on ilie 
basis of the following formula. 

^ 5280XSX^X£ 

9 

Where: O = Work output in sq. yd. per hour. 

S = Tractor sj^ed in miles per hour. 

W = Cutting width in feet. 

£ = Efficiency factor. 

Example'. S = 1 .4 mph 
1.33 ft. 

£ = .80 

^ 5280 X -S X X g 

9 

- 5280 X 1-4 X 1-33 X -80 . . 

O = = 876 sq. yd. per hr. 

c. Cultivators. (1) Use. Chisel-tooth cultivators are used in soil 
stabilization operations to loosen subgrade material and to mix aggre- 
gate and bituminous material with soil. They are also effective in 
loosening light, crusted surfaces of gravel and earth roads during main- 
tenance operations. Cultivators do not operate effectively in consoli- 
dated or rocky soil. 

(2) Estimating work output. Work output can be estimated by the 
formula shown in paragraph 2b (2) . 

Example: S = 1.4 mph 

W=7.5 feet 

£ = 0.80 

- 5280 X 1-4 X 7.5 X 0.80 , . 

O = = 4,91 7 .sq. yd. per hr. 

d. Harrows. (1) Use. (a) Disc harrows are used with plows and 
cultivators to prepare soil tor stabilization. They can break surface 
crust, loosen and pulverize the soil, and aid in eliminating weeds and 
grass. Harrows do not work effectively in consolidated or rocky soils, 
or in wet clays. 

(6) Spike-tooth harrows are towed behind the disc harrow, disc 
plow, or chisel-tooth cultivator to break up small clods as they are 
brought to the surface. 

(2) Estimating work output. Work output can be estimated by the 
formida shown in paragraph 49b (2) : 

Example: S = 1.4 mph 

W = 8 feet 

£=0.80 

_ 5280 X 1.4 X 8 X 0.80 _ . , 

O = i-i ^ = 5,250 sq. yd. per hr. 

•. Rotary>tillar mixers. (1) Use. Rotary-tiller mixers are used in 
soil-stabilizing operations to mix soil with cement, asphalt, and other 
stabilizing materials. For most efficient use, the soil should first be 
partially pulverized by plows, harrows, and cultivators. To prevent 
damage to rotors, rocks over 4 inches in diameter should be remos’ed 
l)cfore starting operation. 
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(2) Estimating work output. Work output can be estimated by the 
Formula shown in paragraph 496 (2) . 

Example: S= 1.4 mph for depth of spread (6 in.) 

W=z4lt. 

£ = 0.80 

^ 5,280 X 1-4X 4X0-80 

9 


= 2,625 sq. yd. per hr. 


S*etion IX. AIR COMPRESSORS AND PNEUMATIC TOOLS 
50. PHYSICAL CHARACTERISTICS. See table XXVII for data on 


dimensions, weights, operating speeds, and capacities of air compressors, 
and table XXVIII for data on pneumatic tools. 


Table XXVII. Dimensiotis, weights, operating speeds, and capacities of 

air compressors 


Equipment 

Over-all dimension.s 


Remarks 

length 

(inches) 

Width 

(inches; 

Height 

(inches) 

Compressor, air, trailer- 
mounted, steel wheels, Diesel- 
engine-driven, 315-cfm. 

153 

63 

89 

8,040 

Towing speed — 
10 mph. 

Compressor, air, truck-mounted, 
gasoline-engine-driven, 105- 
cfm. 

254 


93 

14,300 

Road speed — 

45 mph (max.) 

Compressor, air, portable, gaso- 
line-engine-driven, 16-cfm. 

36 

26Ji 

1 

1 

31 H 

225 



Table XXVIII. Weight and air required to operate pneumatic tools 


Tsrpe of tool 

Required air 
(cfm 90 pei) 

Weight 

(pounds) 

Paving breaker 

.65 

87H 

Rock drill 1 

88 

59 

Clay spade 

32 

25^ 

Nail driver 

32 

25 

Backfill tamper 

30 

30 

Steel drill 

80 

28 

Wood auger 

41 

31 

Circular saw 

55 

34 

Timber saw 

90 

80 

Concrete vibrator 

30 

24 

Portable grinder 

85 

60 

Sump pump 

70 

51 
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51. USE OF COMPRESSORS AND PNEUMATIC TOOLS, o. Com- 
pressors. Compressors are used to power the pneumatic tools listetl 
in table XXVIII. 

b. Pneumatic tools. The following tools powered by air compres- 
sors are used in road and airport construction; 

(1) Paving breaker. Used to cut asphalt or concrete paving, and to 
demolish concrete foundations, retaining walls, culverts, and floors. 

(2) Rock drill. Used in rock excavations and quarry work to drill 
holes for blasting charges. 

(3) Clay spade. Used to facilitate hand digging or machine excava- 
tion in stiff clay, hard sand, or gravel. 

(4) Backfill tamper. Used to compact earth backflll around culverts 
and fill material under road patches. 

(5) Timber saw. An air-operated chain saw used in clearing and 
in culvert construction. 

(6) Concrete vibrator. Used to compact concrete and to force sand 
and cement to form and finish surfaces. This provides smooth, work- 
able surfaces. Also helps eliminate air bubbles and reduces time 
required to puddle by hand. 

(7) Sump pump. Used to pump water out of excavations and bomb 
and shell craters, and to pump water into backfill material around 
culverts to help compact the soil. 

52. WORK OUTPUT OF PNEUMATIC TOOLS. Table XXIX lists the 
work output of some of the pneumatic tools listed in table XXVIII. 


Table XXIX. Work ovlput of pneumatic tools 


Pneumatic tool 

Work output 

Paving breaker, 
(1 operator) 

150 square feet of 6-inch asphalt or concrete paving broken 
up in a 10-hour day. 

Rock drill, 

(1 operator) 

80 linearfeet of 1-inch holes in hard rock per 10-hour day. 

Clay spade, 

(1 operator) 

12 cubic yards of tough clay can be loosened for shovel ex- 
cavation in a 10-hour day. 

Timber saw, 

(2 operators) 

Will cut 16-inch pine logs in 2 minutes. 
Will cut lumber up to 24 inches thick. 

Concrete vibrator, 

(1 or 2 operators) 

Effective in concrete up to 30 inches thick with a slump of 
2^2 inches or more. 

Sump pump, 
(1 operator) 

175 gpm at 25-foot head. 


53. SUPERVISION FOR MAXIMUM WORK OUTPUT. Supervisors 
responsible for obtaining maximum pneumatic-tool efficiency should 
keep the following considerations in mind. 
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a. Compressor. (1) Keep compressor as level as possible. 

(2) Place compressor as near tools as possible to cut down airline 
length. 

(3) Never overload compressor by using too many tools. Over- 
loaded compressors will overheat, causing tools to function improperly 
and under capacity. Compressors will be overloaded when the total 
required air (table XXVIIl) of all the attached tools exceeds the rated 
capacity of the compressor (table XXVII) . 

(4) Make continuous lubrication and first echelon maintenance 
checks in accordance with Technical Manuals and lubrication charts. 
It is especially important to drain all condensed water from the com- 
pressor and to keep all valves carefully set. 

b. Pneumatic tools. (1) Paving breaker, (a) Use only correct size 
of steel and keep steel point sharp. 

(b) Operate breakers in tandem. This keeps pavement under con- 
stant load and speeds work. 

(c) Take only small bites (4 to 8 inches back of working face) and 
break out small pieces. 

(d) Keep all nuts tight and check air-hose to paving-breaker con- 
nection frequently to make sure no air is escaping. 

(e) - Be sure operators merely guide paving breakers. They should 
be instructed not to ride or lean on them. 

(2) Rock drill, (a) Keep drill steel sharp. Never try to sharpen 
drills on the job; take them to a shop. 

(b) Never use worn chucks. 

(c) Keep all nuts and hose connections tight. 

(d) Wherever possible, drill holes as close to vertical as possible to 

utilize weight of drill machine. ' 

(e) When air through drill steel is not sufficient to keep drill hole 
clean, use an air line to blow out the hole before it becomes clogged. 

(3) Clay spade, (a) Use only for trimming and loosening earth, 
not as a pry. 

(b) Use only on earth, gravel, and hard clay, not on pavement or 
rock. 

(4) Backfill tamper, (a) Keep all nuts and hose connections tight. 

(b) When tamping loose earth, wrap tamping head in burlap. 

(c) When tamping gravel, leave tamping head unwrapped. 

(d) Keep tamper moving across fill; never leave tamper in one 
position. 

(e) When tahiping around culverts, tamp 2- to 3-inch layers around 
them. In no case allow tamping head to touch side of culvert. 

(5) Timber saw. (a) Keep chain at proper tension. 

\b) Never force saw through wood. 

(c) When 'cutting large trees, use wedges to keep saw from binding. 

(d) Use two men to man saw efficiently. 

(6) Concrete vibrator, (a) Keep vibrator moving at all times. Do 
not allow it to hit forms or reinforcing steel. 

(b) Use two men on each vibrator: one to man power unit, other 
to keep head moving. 

(c) Vibrate concrete thoroughly and float vibrator at surface. This 
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brings cement and sand to top and protliices workal>le material for 
finishing machine. 

(7) Sump pump, (a) In cold weather, put alcohol in the manifold. 

(b) Keep suction end away from mud bottoms. 

(c) Keep sticks away from suction end. Clean suction end every 
2 operating hours. 


Section X. CRUSHING. WASHING. SCREENING. AND AUXILIARY 
QUARRY AND GRAVEL-PIT EQUIPMENT 

54. PHYSICAL CHARACTERISTICS. See table XXX for data on di 
mensions, weights, operating speed, and fuel consumption of quarry 
and gravel-pit equipment. 
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Table XXX. Contd 
Reciprocating plate conveyer feeder 
Used i^heii jaw crusher is not used 


Capacity 100 tons per hour 

Drive Chain 

Horsepower required. 5 hp 
Conveyer: 

Width 30 inches 

Length 21 feet 

Working dimensions: 

Length 6 feet 

Width 6 feet 

Height 7 feet 


Hopper capacity 2i4 cubic yards 

Working weight: 

Hopper 1 ,300 pounds 

Conveyer . . . i 2,600 pounds 

Shipping data: 

Boxes 2 

Weight 5.310 pounds 

Cubage 758 cubic feet 

Flatcars 


Centrifugal pump, gasoline-engine -driven 


Rating: 

1- pump 1,000 gpm at 

80-foot head 

2- pumps = 1,100 gpm at 

(in series) 150-foot head 

Motor 5 1 .3 hp at 1500 rpm 

Fuel consumption .... 6.0 gallons per hour 

Mounting 4 steel wheels 

Towing speed 7 mph 


Working dimensions: 

Length 13 feet 

Width 7.5 feet 

Height 10.1 feet 

Working weight 7,250 pounds 

Shipping data: 

Pieces 2 

Weight 7550 pounds 

Cubage 1,362 cubic feet 

Flatcars 54 


Scrubber and washer, paddle-type, gasoline-engine-drtven 


Rating 80 to 100 tons 

per hour 

Motor . . 143 hp 

Fuel consumption ... 10 gallons per hour 

Mounting 6 steel wheels 

Towing speed 7 mph 


Working dimensions: 

Length 32 feet 

Width 12 feet 

Height 10 feet 

Working weight 51,050 pounds 

Shipping data: 

Pieces 2 

Weight 51,050 pounds 

Cubage 5,093 cubic feet 

Flatcars .1 


Dehydrator 


Power Cham drive from 

roll crusher 

Mounting Steel wheels 

Towing speed 7 mph 

Screw flight: 

Diameter 22 inches 

Length 20 feet 

Water consumption . . 600 gpm 


Working dimensions: 

Length 29.8 feet 

Width 8 feet 

Height 10.9 feet ' 

Working weight 18,110 pounds 

Shipping data: 

Boxes 2 

Weight 18,325 pounds 

Cubage 1,475 cubic feet 

Flatcars 1 


151 


Digitized by Google 


Original from 

I I M / C D C- ITV 1 J t U I M 



55. USE AND CAPACITIES OF QUARRY AND GRAVEL-PIT 
EQUIPMENT, a. Types of plants and use. (1) Fourteen-unit pioneer 
crushing, screening, and washing plant. This plant has 14 units which 
process quarry rock or gravel in either washing or dry operations. The 
approximate plant capacity is 150 tons per hour (tph) of washed, 
crushed rock passing a li^^ -inch-square opening. Quarry material is 
delivered by trucks and fed into the machine over a truck ramp or by 
power shovels. 

The plant consists of the units listed below: 

(a) Crusher, jaw-type, gasoline-engine-driven, cxawler-mounted, 30- 
by-42-inch opening, 200 to 400 tph (56-A) , 

(b) Crusher, roll-type, gasoline-engine-driven, crawler-mounted, 54- 
inch diameter by 24-inch face rolls, 100 to 190 tph (54-.VA) . 

(c) Conveyer, belt, transfer, gasoline-engine-driven, 30-inch width, 
50-foot, high mast. 

(d) Crusher, screen and washer, roll-type, belt-driven, crawler- 
mounted, 40-inch diameter by 24-inch face, 40 to 140 tph (300-WA) . 

(e) Power unit, gasoline-engine-driven, trailer-mounted (four steel 
wheels) , 120 to 140 hp. 

(/) Crusher, roll-type, gasoline-engine-driven, trailer-mounted (six 
steel wheels) , 40-inch diameter by 22-inch face rolls, 40 to 140 tph. 

(g) Conveyer, belt, transfer, gasoline-engine-driven, 30-inch width, 
35-foot, low mast. 

(h) Dehydrator, sand, twin-screw-feed, chain-driven, trailer-mounted 
(four steel wheels) , 40 to 60 tph. 

(?) Feeder, reciprocating-plate, chain-driven, 30-inch-wide, with 30- 
inch by 21-foot belt conveyer. 

(/) Scrubber and washer, paddle-type, gasoline-engine-driven, trailer- 
mounted (six steel wheels) , 80 to 100 tph, with 7-foot by 20-foot tank. 

(k) Pump, centrifugal, gasoline-engine -driven, trailer-mounted, 6- 
inch discharge, 1,000 gpm at 80-foot head. 

(/) Conveyer, belt, transfer, gasoline-engine-driven, 30-inch by 50- 
foot, low mast, 300 fpm. 

(m) Conveyer, belt, transfer, gasoline-engine-driven, 30-inch by 50- 
foot, low mast, 400 fpm. 

(n) Piping equipment for washers, dehydrator, and crushers. 

(2) Ten-unit pioneer crushing, screening, and washing plant. This 
plant processes pit gravel in either washing or dry operations. The 
approximate plant capacity is 100 tph of washed, crushed gravel passing 
a ^-inch screen opening. Gravel is delivered by trucks and fed into 
the machine over a truck ramp or by power shovels. 

The plant consists of the units listed below: 

(a) Feeder, reciprocating-plate, chain-driven, 30-inch wide, with 30- 
inch by 21-foot belt conveyer. 

(b) Crusher, roll-type, gasoline-engine-driven, crawler-mounted, 54- 
inch diameter by 22-inch face rolls, 100 to 190 tph. 

(c) Conveyer, belt, transfer, gasoline-engine-driven, 30-inch by 50- 
foot, high mast. 
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(d) Crusher, screen and washer, roll-type, belt-driven, crawler- 
mounted, 40-inch diameter by 22-inch face rolls, 40 to 140 tph. 

(e) Power unit, gasoline-engine-driven, trailer-mounted (four steel 
wheels), 120 to 140 hp. 

(/) Dehydrator, sand, twin-screw-feed, chain-driven, trailer-mounted 
(four steel wheels) , 40 to 60 tph. 

(g) Conveyer, belt, transfer, gasoline-engine-driven, 30-indi by 50- 
foot, low mast, 400 fpm. 

(h) Conveyer, belt, transfer, gasoline-engine-driven, 30-inch by 50- 
foot, low mast, 300 fpm. 

(i) Pump, centrifugal, gasoline-engine-driven, trailer-mounted, 6- 
inch discharge, 1,000 gpm at 80-foot head. 

(J) Piping equipment for washer, dehydrator, and crusher. 

(3) Pioneer sand and gravel washing and screening plant, (a) This 
plant produces washed sand or gravel for concrete-aggregate or bitumi- 
nous surfacing. It is a self-contained unit mounted on a rubber-tired 
trailer and consists of a gasoline-engine power unit, receiving hopper 
and reciprocating-plate feeder, vibrator screen, twin-screw dehydrator, 
belt-type feeder conveyer, and sand and gravel delivery conveyers. The 
approximate capacity of the plant is 75 tons per hour. 

(b) While this unit can process and load sand alone, trucks and 
power shovels are required when loading unwashed gravel and deliver- 
ing washed sand and gravel. In addition, a 700-gpm, 50-foot-head pump 
and piping equipment are needed. 

(4) Two-unit 25 cubic yard per hour rock crushing and screening 
plant, (a) This plant is used in quarries to crush rocks with dimen- 
sions less than 13 by 22 inches. It can be adjusted to produce fragments 

to 2i/^ inches in size. Its approximate capacity is 25 cubic yards per 
hour. This plant does not wash the aggregate. .Supplementary equip- 
ment is required to load and deliver the aggregate. 

(&) The plant consists of the following two units: 

1. Jaw crusher. Used to crush large material to roll-crusher 

maximum size. 

2. Roll crusher. Used to crush material from jaw crusher to 1- 

to 2i/^-inch size and to screen the crushed rock. 

(5) Jaw-type rock crusher (7 cubic yards per hour). This trailer- 
mounted crushing and screening plant is a self-contained plant to crush 
rocks up to 6 by 10 inches in size to to li/ 2 -ioch rock. The plant 
windrows rock on the surface where it can be spread by a grader. 

(6) Crushing and screening plant (15 tph). This plant is designed 
to crush and screen rock from gravel pits or quarries. Material passing 
through the screen is elevated to a bin for storage or loading into trucks. 

(7) Batching plant. Batching plants are used to store, proportion, 
and. dump-deliver bituminous and concrete aggregate. The three-bin 
105-ton capacity batcher is the most common size used. 

b. Capacity. See table XXXI for output of quarry and gravel-pit 
equipment. 
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Table XXXI. Output capacity of gravel-pit and quarry equipment 


Plant 

Aggregate 

Size 

(# — sieve size) 

Average 

Output 

(Tons per hour) 

Pioneer (10- or 14-unit plant) crushing, 

H'ioH 

79 

screening, and washing. 


123 


172 


2' to#4 

268 



174 


2' tol' 

158 

Washing and screening (1-unit plant) 
sand and gravel. 

Up to2H' 

75 

Crushing and screening (2-unit plant). 

Upto2H' 

24r-40 

Uptolli' 

15-27 


Up to 1' 

12-20 

Jaw crusher, trailer-mounted. 

UptolH' 

6-11 

Up to 

4-6 

Crushing and screening plant, trailer- 

Up tQ%" 

5-9 

mounted. 

1' 

7-14 


IH' 

11-22 

(Includes 18-cubic-yard steel storage bin). 

2' 

15-24 

2J^' 

18-30 


3' 

33^6 


56. SUPERVISION FOR MAXIMUM WORK OUTPUT. Supervisors 

responsible for obtaining maximum gravel-pit and quarry equipment 
efficiency should keep the following considerations in mind. 

a. Quarry and pit selection. (1) General. Quarry and pit selec- 
tion depends on the following factors: 

(2) Worked quarries. Wherever possible, worked quarries should 
be used. Their use cuts down the amount of overburden that must be 
removed, and it is usually easy to determine the quality, size, and 
quantity of material that can be obtained. Worked quarries are usually 
near good haul roads and have auxiliary equipment such as hoppers, 
construction railroads and cars, and conveyers which can be put to 
use immediately in setting up and starting quarry operation. 

(3) New quarries. Where a new quarry must be opened, the type 
and quantity of material is usually the controlling factor in choice of 
site. Wherever possible, a site with no overburden should be chosen, 
thus eliminating time and machinery required for stripping. Where 
this type of site cannot be found, soundings with earth augers or study 
of rock or gravel outcrops in existing road cuts or on hillsides will 
reveal the type of material under the overburden. When the over- 
burden cannot be used, it should be stripped from the quarry and used 
as fill or wasted. 

(4) Length of haul. Hauls should be as short as possible. 

(5) Size and gradation of material. Where size and gradation of 
materials are specified, it must be determined whether or not the 
quarry or pit site selected will produce the material. It may be neces- 
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unwashed material being taken right from the pit bank. 'Where pit 
material is of proper quality, this set-up saves hauling to plant and 
crushing. A i/^- or ^-cubic-yard shovel is required to load; 4 men 
to operate; and 30 to 40 truck loads per hour to load, operate, and 
haul material. While in operation, the unit should be jacked off its 
rubber tires and blocked securely. The water pump should be mounted 
on a solid foundation and blocked securely. 

(4) Two-unit crushing and screening plant. Figure 122 shows the 

2-unit plant layout operating close to a pit bank or quarry face. .A 
Vi- shovel, 5 men, and 20 to 30 truck loads per hour 

are required to load, operate, and haul material away from the plant, 
'rhe haul road must be continuous and must be kept clear at all times. 
When trucks are not available, use a belt conveyer to stock-pile dumped 
material clear of the haul road and of all machines. While in opera- 
tion both units must be jacked and securely blocked oflE the rubber 
tires. 

(5) Crushing, screening, and washing plants (10- and 14- unit), (a) 
General. These crushing, screening, and washing units can be used in 
various combinations to handle various size rock and gravel. The equip- 
ment supervisor should balance the flow between various size crushers 
by changing the limit dimensions of crusher rollers and jaws. When 
washing is not necessary, the pump and washer are not used in the 
set-ups. Each new quarry or pit requires a new set-up and the number 
of units neces.sary to operate them varies with the character of rock at 
the pit and the specifications for the finished product. 

(h) Plant lay-out. The following are suggested plant lay-outs for 
washed and unwashed materials in various types of (piarries or pits. 

1. Dry-gravel plant. Figure 123 shows a lay-out for an unwashed 

dry-gravel plant. 

2. Washed-gravel plant. Figure 124 .shows a lay-out for washed- 

gravel plant. 

' 3. Washed-rock plant. Figure 125 shows a lay-out for washed 

crushed rock. In this plant, it is especially important to 
balance flow between crushers to keep equal loads flowing 
through crushers. 

4, Rock plant for concrete aggregate where plastic clay or shale 
is present. Listed below are the units required for a con- 
crete aggregate plant where plastic clay or shale is present 
in the rock. 

Unit 56-A, jaw crusher 

Unit 54-VA, roller crusher (intermediate) 

Unit 300-WA, washing plant 
Unit 300-WA, power unit 
Unit 42-VA, roller crusher (fines) 

I.og washer 

Pumps (2) with pipe line 

Conveyer, high-mast, 50-foot 

Conveyers (two sand and rock. .50 ft, low mast) 

Conveyer, 35-foot 
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Figure 124. Washed-gravel plant. 
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5. Gravel-fjit ol)crntion for concrete aggregate. Listed belotv 

are the units required for a concrete aggregate plant for 
gravel pits. 

Conveyer, 21 -foot extension channel frame 

Plate feeder, reciprocating, 30-inch, with 21-foot conveyer 

Unit 54-VA, roller crusher 

Conveyer, high-mast, 50-foot 

Unit 300- WA, washing plant 

Unit 300-WA, power unit 

Screw dehydrator 

Pumps (2) with pipe line 

Conveyers (two sand and gravel, 50-foot, low mast) 

Note. Where rocks over 7 inches are found in considerable quantity and it is 
desirable to crush them, add 56-A unit. Add log washer if plastic clay or shale is 
present in final product. 

6. Rock plant for washed dry-hound macadam or base-course 

material. Listed below are the units required to produce 
dry-bound macadam or base-course material. The capacity 
of the plant (washed material) is listed in table XXXII. 
Unit 56-A, jaw crusher 
Unit 54-VA, intermediate crushing unit 
Unit 300-WA, washing plant 
Unit 300-WA, power unit 
Conveyer, high-mast, 50-foot 
Conveyers (two sand and rock, 50-foot) 

. Screw dehydrator 

Pumps (2) with pipe lines and flumes 

Note. Log washer .should be used if an excessive amount of clay balls or shale is 
found. 


Table XXXII . Macadam and base-course material output of rock plant 


Maximum size 

Tons per hour 

(inches) 

(tph) 

4 

198-266 

5 

222-309 

6 

275-412 

8 

344-515 


7. Rock plant for unwashed dry-bound macadam or base-course 
material. Listed below are the units required to produce 
dry-bound macadam or base-course material. The capacity 
of the plant is listed in table XXXII. 

Unit 56-A, jaw crusher 

Unit 54-VA, intermediate crushing unit 

Unit 300-WA, washing plant with 50-foot return conveyer 

Conveyer, high-mast, 50-foot 

Conveyers (two sand and rock, 50-foot) 

Unit 300-W.A, power unit 
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S. (Quarry or gravel-pit plant for crusher-run base-course mate- 
rial. Listed below are the units required to produce crusher- 
run base-course material. The capacity of this plant is listed 
in table XXXII. 

Unit 56-A, jaw crusher 
Unit 54-VA, roller crusher 
Conveyer, 60-lbot 
Conveyer, 15-foot (side delivery) 

Note, a. Output of roller crusher 54-VA is listed in table XXXIII. 

b. In gravel pits, the jaw crusher may not be required. 

c. In gravel pits, a 30-inch reciprocating-plate feeder should be mounted on unit 
54-VA. 


Table XXXIII. Roller crusher 54~VA output 


Maximum sise 

Tons per hour 

(inches) 

(tph) 


115 


135 

2 

182 


230 

3 

270 


9. Gravel-pit equipment for bituminous materials. Listed be- 

low are the units required to produce bituminous materials 
from gravel pits. With this plant, 100 percent fractured 
material can be obtained and any size and grading of ag- 
gregate can be obtained. The plant capacity is listed in 
table XXXI. 

Unit 54-VA, roller crusher 

Unit 300-WA, crusher and screener and power unit 

Conveyer, high-mast, 50-foot 

Conveyers, (two) , 50-foot 

Plate feeder, reciprocating, 30-inch 

Channel-frame extensions for unit 54-VA, 

15-foot 

21-foot 

For washed material add: 

Unit 300-WA, pumps (2) 

Piping, pipe fittings, and flumes 
Pontoon and foot valve 
Screw dehydrator 

10. Quarry equipment for bituminous materials. When operat- 

ing in a rock quarry, the following equipment is needed 
in addition to the gravel-pit equipment listed in 9 above. 
Unit 56-A, jaw crusher 
j..og washer 

Note. The 30-inch reciprocating-plate feeder can be eliminated when using unit 
56-A. 
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(c) h'oundniions. Plants should be on a heavy reinforced-tonerele 
foundation. Each unit should be placed on slabs 6 to 12 inches thick. 
Slabs under each machine should be at least 13i^ feet wide and 10 feet 
longer than the wheel base. Where units are spaced 5 or 10 feet apart. 


one large slab can be poured. 

(d) Loading. Units can be loaded with a shovel -and conveyer or 
with a shovel, trucks, and a bulkhead loading ramp. (See fig. 126.) 
The bulkhead ramp should be just high enough to allow the trucks 


to dump into the jaw a'usher. 


Figure 126. Bulkhead loading ramp used to load material into jaw crusher. 


(6) Methods of working quarry face, (a) Quarry faces can be 
worked efficiently with conveyers. Figure 127 shows the method of 
using one and two conveyers in working a quarry face. IRock is blasted 
from the face and cleaned up with a shovel and one conveyer. Then 
the lace is again cut back and cleaned, using a shovel and two con 
veyers in series. 

(h) Gravel pits can be worked efficiently in terraces by digging in 
the hopper loader and stock piling gravel near it with a scraper. A 
bulldozer is used to load the stock-piled material into the hopper. 
(See Eg, 128.) 

e. Material gradation. Rock is crushed to speciEed size by con- 
trolling the jaw or roller-crusher opening and by screening. Table 
XXXiV can be used to liud the percent of any size rock passed and 
retained with crusher openings from 14 to 5 inches. 
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Section XI. ROLLERS 


57. PHYSICAL CHARACTERISTICS. See table XXXV for data on 
dimensions, weight, working widths, and ground pressures of rollers. 


Table XXXV. Physical characteristics of rollers 



Over-all dimensions 



Equipment 

Length 

(inches) 

Width 

(inches) 

Height 

(inches) 

Weight 

(pounds) 

Remarks 

Roller, road, towed, 
sheep’s-foot, 1- 
drum-m-line. 

152 

55 

59 

3,920 

(Empty) 

1 

Wt. loaded with water — 

6, 270 lb. 

Wt. loaded with sand — 

8, 100 lb. 

Ground pressure per sq, in. 
Empty — 188 lb. 

Loaded with water — 3(X) lb. 
Loaded with sand — 3871b. 

Roller, road, towed, 
sheep’s-foot, 2- 
drum-in-line. 

175 

115 j 

58 

6,040 

(Empty) 

Wt. loaded with water — 
10,2401b. 

Wt. loaded with sand — 
13,440 lb. 

Ground pressure per sq, in. 
Loaded with water — 254 lb. 
lioaded with sand — 333 lb. 
Empty — 149 lb. 

Roller, road, gas- 
engine-driven, 3- 
wheel, 10-ton. 

230 

Roll- 

ing 

76 

120 

20, 200 

Wheel base — 128 in. 

Road speeds 

Low gear — 1.4 mph 

Intermediate gear — 2.9 mph 
High gear — 5.0 mph 

Roller, road, gas- 
engine-driven, tan- 
dem, 2-axle, 5- to 
8-ton. 

• 177 

63 

86 

10, 000 

Wt. loaded with water — 
16,000 lb. 

Ground pressure per sq. in. — 
136 to 215. 

Roller, road, towed, 
smooth-drum, 1- 
to 6-ton, with 
water tank. 

162 

57 

59 

2,010 

(Empty) 

Wt. loaded with water — 
10,000 lb. 

Drum diameter — 48 in. 
Drum width — 48 in. 

Roller, road, towed, 
13 rubber tires. 

175 

88 

46 

3,500 

(Empty) 

Wt. loaded— 22,000 lb. 
Recommended gross load — 
14,000 lb. 

Rolling width — 84 in. 
Operating speed — 
up to 15 mph 

. 1 - . ■■■■,. 


58. USE OF ROLLERS, a. Sheep's*foot rollers. Sheep’s-foot rollers 
are the best machines for compacting all soils except sand, gravel, or 
crushed rock. They are also effective on most base-course materials con- 
taining sufficient soil binder. They should be used on layers of loose 
material less than 9 inches thick. 

b. Three-wheel, 10-ton rollers. Three-wheel, 10-ton rollers are the 
best machines for compacting base courses of crushed stone containing 
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little or no binder. They are used to compact thin layers of soil and 
are also best for initial rolling of hot-laid bituminous pavements. They 
are not generally used for initial rolling of cold-laid pavements, al- 
though they may be used to complete compaction after sufficient initial 
rolling with tandem or rubber-tired rollers and curing to prevent dis- 
placement. 

e. Tandvin rollers. Two- or three-axle tandem rollers are the best 
machines for initial rolling of cold-laid bituminous pavements and for 
finish rolling of all types of bituminous pavements. Finish rolling with 
the two-axle tandem roller consists of lengthwise, diagonal, and cross 
rolling. Finish rolling with the three-axle tandem roller consists of 
lengthwise rolling only. Tandem rollers may be used to compact thin 
layers of soil but are not as effective as other types of rollers because 
of their light weight and because they compact from the top down. 
They should not be used to compact base courses of hard, angular 
material since the drums are easily dented. Tandem rollers are also 
used to roll cover aggregate in bituminous surface treatments. 

d. Whe«l«d, rubber-tired rollers. The kneading action of rubber- 
tired rollers is highly effective in compacting cold-laid bituminous 
pavements. Rubber-tired rollers are also effective on base-course layers 
of soft crushed stone, limerock, shell, and coral where lateral movement 
is required to adjust and pack the particles. They are the best machine 
for compacting the thin layer of loose soil left on top of an embank- 
ment by the sheep’s-foot roller. They are better than the three-wheel 
or tandem rollers for compacting thin layers of loose soil. 


5?. ESTIMATING WORK OUTPUT. The amount of fill material com- 
pacted per hour by a particular type roller depends on the type of soil 
and its moisture content, the thickness of the layer, and the speed of 
the roller. 

a. In cubic yards. The number of cubic yards of loose material that 
rollers will compact per hour can be estimated by the following 
formula: 

Loose cubic yards = Xj>. 

Where, E = Efficiency factor. 

S = Speed of travel in feet per minute. 

W = Effective width of roller in feet. 

D = Depth of loose layer in feet. 

N = Number of passes with roller. 

Note. Apply soil conversion factor (f) to obtain answer in excavated or compacted 
cubic yards. {See table II.) 


b. In square yards. The number of square yards compacted per 
hour by rollers can be determined by the following formula: 

Square yards per hour = — ^ — 


Where, E = Efficiency factor. 

S = Speed of travel in feet per minute. 
W = Effective width of roller in feet. 
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60. OPERATION AND MANAGEMENT OF ROLLERS. Supervisors 
responsible for obtaining maximum roller efficiency should keep the 
following considerations in mind. 

a. Dtpth of loose motoriol. The depth of spread of loose material 
of any type which can be compacted effectively by a roller should be 
determined on the job by test. The following figures are a guide only: 

(1) For a sheep’s-foot roller, the depth of loose material should not 
exceed 9 inches. 

(2) For three-wheel, tandem, or rubber-tired rollers, the depth of 
loose soil should not exceed 6 inches, the depth of bituminous material 
4 inches. 

b. Number of passes. The number of passes required for a given 
roller to compact any soil effectively should be determined on the job 
by test. The following figures are a guide only: 

(1) At optimum soil moisture content, sheep’s-foot roller compacts 
a 9-inch layer of loose soil to 95 per cent compaction in 10 to 12 passes. 
The same number of passes is required to compact a 6- to 9-inch depth 
of scarified subgrade. Normal operating speed is 2 >4 to mph. 

(2) At optimum soil moisture content, three- wheel, 10-ton roller 
compacts a 4-inch layer of loose soil to 75 percent compaction in three 
to six passes. Initial compaction (break-down rolling) of hot-laid 
bituminous mixes is obtained with one pass. Normal operating speed 
is 2 to 3 mph. 

(3) At optimum soil moisture content, a tandem roller compacts a 
4-inch layer of loose soil to 75 per cent compaction in two to four 
passes. Cold-laid bituminous mixes up to 3 inches in depth are com- 
pacted in three to five passes. Finish rolling of hot-laid bituminous 
mixes requires three to six passes. 

(4) At optimum soil moisture content, a rubber-tired roller com- 

{ jacts a 4-inch layer of loose soil to 95 per cent compaction in two to 
our passes, and compacts a 3-inch layer of cold-laid bituminous mix 
in three to five passes. Normal operating speed is 10 to 15 mph. 

e. Overlapping passes. Each pass should overlap the preceding one 
by approximately 1 foot. This eliminates uncompacted strips in the 
fill, road, or runway surface. (See fig. 129.) 
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b. A99re9afe sprcad0r. Spreaders are used tu spread sand and oilier 
aggregate evenly on road and runway surfaces at controlled rates of 
spread. 

c. Truck-mounted asphalt tank ( 800 - 9 allen). These tanks trans- 
port bituminous material. They have steam coils to heat material when 
doing patch work. They can also be used to pump material from one 
source to another. 

d. Trailer-mounted asphalt tank ( 1 , 500 - 9 allon). These tanks store, 
heat, or transport bituminous material. It can be used to unload 
barrels and heat drums while draining. Combined with the trailer- 
type bituminous distributor it provides a unit for accurate application 
of bitumen to roads and runways. 

e. Asphalt kettle. Kettles heat and spray asphalt or tar on road and 
runway surfaces. They are useful in maintaining roads and runways. 

f. Asphalt heater. Heaters supply steam to tank cars, truck- and 
trailer-mounted asphalt tanks, asphalt storage tanks, asphalt mixers, 
and aggregate dryers. 

9. Asphalt plant ( 10 -unlt). Asphalt plants are used for rapid con- 
struction of stabilized-base and pavement mixtures. Material can be 
mixed at a central location or in place on the road or runway. These 
plants produce bituminous mixtures and stabilized mixtures of natural 
material or soil cement at a rate of approximately 100 tons per hour. 
See table XXXVI for units included in the 10-unit plant. 

63 . APPLICATION AND MANAGEMENT, a. Central-plant opera- 
tions. Units of the 10-unit asphalt plant can be assembled into a cen- 
tral plant to produce any type of either hot- or cold-laid bituminous 
mixtures. The number and type of units used depends on the type 
mixture to be produced. See table XXXVII for typical output of cen- 
tral plant. Following is a description of combinations most commonly 
used. 

(1) Hot-mix central plant. The hot-mix central plant is used to 
produce mixes that are laid and compacted at temperatures between 
225° and 350° F, using bitumen whose applied temperature range is 
225° to 350° F. Asphalt cement is normally used. Design of hot-laid 
mixes is discussed in TM 5-255. See table XXXVIII and figure 131 
for equipment used and plant lary-out. Plants of this type handling a 
large volume of work under subarctic conditions produced an average of 
93 tph each and used 3.5 gallons of fuel oil to dry each ton of aggregate. 

Caution: Cutback asphalts contain inflammable solvents. Because 
of the fire and explosion hazard, medium and rapid curing cutbacks 
are not used in hot mixes where aggregate temperature is above the 
safe application temperature of the cutback. 

(2) Cold-mix central plant. The cold-mix central plant is used to 
produce mixes that are laid and compacted at temperatures less than 
150° F. Bituminous materials commonly used are the heavier grades 
of tar and cutback asphalts or asphalt emulsions. Design of cold-laid 
mixes is discussed in TM 5-255. 

(fl) Cutback asphalt mixes. The plant used to produce this type of 
mix is assembled with an open conveyer belt between the dryers and 
mixing unit. Aggregate is heated in the dryers to remove moisture. 
As aggregate is carried from the dryers to the mixing unit on the open 
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Table XXXVI. Physical characteristics of bituminous equipment 
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Table XXX VII, Typical output of central plant 


Finished paving (Square yards per hour) 


Thickness 

(inches) 

Minimum 

Average 

Maximum 

1 

910 

1,820 

2,725 

2 

455 

910 

1,365 

3 

305 

605 

910 

4 

225 

455 

680 

5 

180 

365 

545 

1 


Table XXXVIII, Equipment used in hot-mix central plant 


1 

f 

Equipment 

Number 
of units 

Purpose 

Unit II — Aggregate dryer 

1 

To remove moisture from aggregate and heat 
it to desired temperature. 

Unit III — Bucket elevator 

1 

To elevate heated and dried aggregate from 
dryer to mixer. 

Unit V — Asphalt heater 

2 

To supply steam to dryer, mixing unit, asphalt 
storage tanks, and steam-jacketed asphalt 
piping. 

Unit VI — Bucket loader 
(dryer loader) 

1 

To feed dryer with aggregate. 

Unit VII — Asphalt mixer 

1 

To mix bitumen and aggregate correctly and 
to combine them in a thorough bituminous 
mixture. 

Unit VIII — Piping 

1 set 

To fulfill steam, asphalt, fuel, and water re- 
quirements. 

Unit IX — Asphalt pump 

1 ‘ 

To perform all bitumen pumping functions not 
performed by pumps on mixer unit. 

Unit X — Asphalt storage 
tank 

2 

To store enough asphalt for sustained mixer 
operation. 


Auxiliary Equipment 


Unit IV — ^Asphalt finisher 

1 

To spread bituminous mix at controlled rates 
of spread. This unit can be replaced by 
hand tools or graders. 

Hopper and reciprocating 
feeder 

1 

To supply aggregate to bucket-loader feeding 
dryer. 

750-gallon, two-compart- 
ment, skid-mounted tank 

1 

To supply fuel and water to asphalt heater. 
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Figure 132, Equipment used and lay-out of cold-mix central plant. 



(3) Hauling and spreading, (a) Hot-laid mixes. Hot mixes are 
normally hauled to the paving site and dumped into finishers which 
spread and partially compact the material to the proper thickness. 
Mixes can also be dumped and spread by hand tools. Compaction of 
hot-laid mixes must be completed before the material cools. 

(b) Cold-laid mixes. Cold mixes are normally spread by finishers. 
They can also be dumped into windrows and spread by graders, as 
described for mixed-in-place construction, or spread by hand. Com- 
paction of cold-laid mixtures is a more gradual process which depends 
on the rate of curing and hardening of mixture after spreading. Nor- 
mally, intermittent rolling over several days is required. 

b. Travel-plont operations. Use of travel plants permits mixing 
directly on tne site where material is to be laid. They produce only 
cold-laid mixes. See table XXXIX and figure 133 for equipment used 
and plant layout. See table XL for typical output of travel plants. 


Table XXXIX. Equipment used in travel plant 


Equipment 

Number 
of units 

Purpose 

Unit VI — Bucket loader 
(mixer loader) 

1 

To pick up aggregate from windrow and de- 
liver it to mixer hopper. 

Unit VII — Asphalt mixer 

1 

To mix bitumen and aggregate correctly and 
to combine them in a thorough bituminous 
mixture. 

Unit X — Asphalt storage 
tank 

1-2 

To store enough asphalt for sustained mixer 
operation. 


Auxiliary Equipment 


Trailer-mounted asphalt 
tank 

1 

To supply material to bitumen tank of mixer. 

Truck-mounted asphalt 

1 

To supply material from central storage tanks 
to trailer-mounted asphalt tank. 

Unit II — Aggregate dryeri 

1 

To remove moisture from aggregate. 

Unit V — Asphalt heater^ 

1 

To supply heat to dryer. 

Unit VI — Bucket loader^ 
(dryer loader) 

1 

To pick up aggregate from windrow and de- 
liver it to dryer. 

750-gallon, two compart- 
ment, skid-mounted 
tankh 

1 

To supply fuel and water to asphalt heater. 


^ Required only when field conditions do not permit drying aggregate by wind and sun. 


(1) Mixing and spreading. Aggregate is placed on the road or run- 
way, mixed, and shaped by graders into windrows of uniform size. The 
windrows are built to contain a given volume of aggregate; maximum 
volume is 10 to 14 cubic feet per linear foot of windrow. Material is 
picked up, mixed with bitumen, and deposited in windrows by the 
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Table XL. Typical output of travel plaid 


I 


Finished paving (Square yards per hour) 


Thickness 

(inches) 

Minimum 

Average 

Maximum 

1 

1,600 

2,200 

4,000 

2 

800 

1,100 

2,000 

3 

535 

735 

1,330 

4 

400 

550 

1,000 

5 

320 

450 

800 


travel plant. The mixture is spread by graders and compacted by 
rollers or is discharged into a finisher (unit IV of asphalt plant) and 
spread. 

(2) Use of finisher with travel plant. Using the asphalt finisher 
behind the mixer to spread and compact is feasible but is not recom- 
mended because it restricts the output of the mixer. 

When using the finisher: 

(a) The windrow must be uniform to feed arid synchronize it 
properly. 

(b) The capacity of the travel plant is reduced, because the finisher 
with its maximum width of 10 to 12 feet requires that material be 
deposited in two windrows. 

(c) Aggregate windrows must be close together because of the nar- 
row strips required. This makes grader drying of the windrowed aggre- 
gate difficult, and also limits the area available for asphalt supply 
trucks and other equipment. 

(3) Comparison of central- and travel-plant applications. The mix- 
ing method chosen depends largely on the mix. The mix depends on 
the available supply of asphalt and aggregate and on weather condi- 
tions. Following is a list of advantages and disadvantages of central 
and travel plants: 


Central plant 

1. Can produce all types of hot 

and cold mixes. 

2. Operations not affected as much 

by adverse weather (capable 
of 24-hour operation at all 
times) . 

3. Equipment centrally located and 

supply maintenance simpli- 
fied. 

4. Adapted to work with mechani- 

cal finisher. 

5. Keeps heavy, bulky equipment 

off road or runway subgrade. 


Travel plant 

1. Produces cold mixes only. 

2. Higher capacity than central 

plant. 

3. Permits using aggregates at 

the site with a minimum of 
rehandling. 

4. Requires less equipment. 

5. Lays mixed material directly 

on road or runway surface 
without trucking. 
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e. Mixing in place. Bitumen and aggregate can be mixed in place 
on a road or runway surface by either of the foffowing combinations 
of equipment. 

(1) Rotary tiller, motorized grader, and bituminous distributor. 
Bitumen is spread on the aggregate by the distributor and mixed at a 
rate of approximately 100 to 200 cubic yards per hour by the tractor- 
drawn rotary tiller. Mixed material is spread and leveled by motor 
graders at a rate of approximately 150 square yards per hour per 
grader. See table XLI for output of bituminous distributor. 

(2) Motorized grader and bituminous distributor. Bitumen is 
spread on the aggregate by the distributor and mixed at a rate of ap- 
proximately 150 to 300 cubic yards per hour per grader. Mixed mate- 
rial is spread and leveled by motor graders at a rate of approximately 
1 50 square yards per hour per grader. 


Table XLI. Typical output of 1,250-gallon trailer-mounted dietributor 


Spraybar length 
(ft.) 


6 

8 j 

10 

12 

16 

20 

1 

24 

Square 
yards 
covered 
per load 

Rate of 
application 
(gal. per sq. yd.) 

Square yards per minute 

1 

0.1 

400 

600 

800 

1,000 



2,000 

2,400 

12,500 

0.2 

200 



500 

600 

800 

1,000 

1,200 

6,250 

0.3 

133 

200 

267 

333 

400 

533 

667 

800 

4, 167 

0.4 


150 


250 

300 

400 

500 

600 

3, 125 

0.5 

80 

120 

[q 

200 

240 

320 

400 

480 

2,500 

0.8 

50 

75 

100 

125 

150 

200 

250 

300 

1,563 

1.0 

40 

60 

80 

100 

120 

160 

200 

240 

1,250 

2.0 

20 

30 

40 

50 

60 

80 

100 

120 

625 

3.0 

13 

20 

26 

33 

40 

53 

67 

80 

416 


Saetion XIII. CONCRETE EQUIPMENT 

64. GENERAL. Concrete equipment consists of concrete mixers, pavers, 
spreaders, finishers, steel forms, and auxiliary equipment such as hop- 
pers, vibrators, and wheelbarrows. 

65. CONCRETE MIXERS AND PAVERS, a. Physical charoetarlstics. 

See table XLII for data on dimensions, weights, operating data, and 
fuel and oil consumption of concrete mixers and pavers. 

b. Use of concrete mixers and pavers. Concrete mixers and 
pavers are used to mix concrete. In addition, pavers distribute con- 
crete to pave roads or runways. Concrete mixers are trailer-mounted 
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Table XLII, Dimensions^ weights^ operating data, and fuel and oil consumption of 

concrete mixers and pavers 


Item. 

Concrete mixer 

Paver 

Model 

14S 

34E 

Drum capacity (cu. ft.) 

14‘ 

342 

Hourly capacity (cu. yd. per hr.) 

10-15 

35-40 

Rating (sack) 

2 

5 

Power unit 



Horsepower 

28.5 

96 

Fuel consumption 

0.5 gph 

5.6 gph 

Water tank 



Supply (gai.) 

Not equipped 

100 

Measuring (gal.) 

30 

60 

Drum dimensions 



Diameter (in.) 

57 

79 

Width (in.) 

41H 

67 

Boom (Paver only) 



Len^h (ft.) 

- 

35.0 

Spread radius (ft.) 



32.5 

Swing arc 

— 

160“ 

Over-all dimensions 



Length 

10' 1' 

61' 5' 

Width 

7' 4' 

11' 3*’ 

Height 

10' 0' 

16' 0' 

Shmping data 



ExpoH boxes 

1 

4 

Cubage 

627 cu. ft. 

3,215 cu. ft. 

Weight 

10, 400 lb. 

58, 700 lb. 


* 15.4 cubic feet when operated on level to 10 percent slope. 

* 37.4 cubic feet when operated on level to 10 percent slope. 


and are used as fixed plants. Pavers are crawler-mounted and move 
with the job. 

e. Work output of eonereto mixers ond pavers. Table XLII lists 
the output of the engineer mixer and paver. 

d. Centrol-plont botching equipment. A central batching plant 
(fig. 36) is used to store and proportion fine and coarse aggregate be- 
fore delivery to the paver. The bulk cement plant is used to unload 
cement from trucks or boxcars and to store and proportion it for de- 
livery to batching trucks. Dump trucks can be converted into batch- 
ing trucks by installing expedient batch partitions in the dump body. 
Physical characteristics of batching and bulk cement plants are given 
in table XLII. 

o. Supervision for maximum work output. Supervisors responsible 
for obtaining maximum mixer and paver efficiency should keep the 
following considerations in mind. 

(1) Keep sand, gravel, and cement stock piles as close to mixer 
charging hopper as possible. (See fig. 134.) 

(2) Operate mixer or paver as level as possible. If necessary, dig in 
wheels of fixed plant until mixer is level. 
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Table XLII {Continued), Dimensioned weightSd and operating data of hatching and 

bulk cement plants. 


Item 

Batching plant 

Bulk cement plant’ 

Model 

B6-1 (Scale) 
BCP-300 (Bin) 

63-8 (Batcher) 
P 3105 (Bin; 

Gates 



Bin 

12' X 18' 

9' X 11' 

Discharge 

lOH' X 3'-7' 

9*^ X ir 

Scale capacity (lb.) / 

7, 000 (3-beam) 

1,000 (I-beam) 

Weight 
Empty (lb.) 

17,300 

20,400 

Loaded (lb.) 

227,300 

133,200 

Over-all dimensions 



Length 

19'-9' 

13'-3' 

Width 

12'-HM' 

lO'-O' 

Height 

29'-«' 

38'-10' 

Truck clearance 

1 


Height 

ll'-9' 

lO'-lO' 

Width 

9'-0' 

8'-6' 

Shipping data 
Number of pieces 

6 

3 

Cubage (cu. ft.) 

2,650 

1,290 

Weight (lb.) 

17,700 

23,276 

Number on a gondola car 

2 

4 


• Cement-conveying system. 

30 ton per hour (toh) bucket elevator. 

5-cubic-yard trucK-unloading hopper. 

18>hp., 4-cylinder engine. 

(3) When operating with a fixed plant, dig in loading hopper of 
mixer to facilitate charging. (See fig. 135.) 

(4) Use ramps (fig. 136) to make dumping easier when charging 
•with wheelbarrows. Also use ramps when pouring large slabs to facili- 
tate wheelbarrow handling and to distribute wheelbarrow loads around 
the job. 

(5) When possible, use wheelbarrows to charge mixer hopper; use 
trucks to charge paver skip. Load gravel or stone first, cement second, 
and cover whole batch with sand. Gravel scours hopper bottom and 
carries rest of load into mixer or paver. Sand cover prevents excessive 
loss of cement dust as batch enters mixing drum. This sequence gener- 
ally allows cement man just enough time to open bags and deposit 
cement over gravel or stone before sand is dumped. 

(6) Concrete mixes are designed according to the principles set forth 
in section I, chapter 8, FM 5-10. Amount of water added to each batch 

' varies with moisture content of aggregate. The mix is adjusted for 
changes in water content of aggregate resulting from condensation at 
night, drying out during the day, new aggregate, or rainfall. 

(7) For thorough mixing, carry material to a point about two- 
thirds up drum. This can be regulated by increasing speed of drum 
for wet mix or decreasing it for dry mix. 

(8) Keep entire machine clean. At beginning of each day coat ma- 
chine with “form oil” to help prevent concrete and cement sticking to 
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bare steel or paint. Each time machine shuts down, run a half batch 
of ^avcl or rock and water through drum for 4 or 5 minutes to loosen 
up any concrete sticking to it. Wash, clean, and re-oil entire machine 
each evening or when it is shut down for a period of lime. Do not 
j)ound skip bottom and drum. This leaves detUs and bumps around 
which concrete and cement will build up. 

(9) In cold and freezing weather, heat aggrcgaie.s and water to pre^ 
vent freeze-up. Drain water tank and water line each time mixer is 
shut down. 

(10) When operating a mixer as a central plant, move it each time 
a justifiable decrease iu haul distance can he ohiaiued. 
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Figure 13^, Dug-in charging hopper to facilitate charging, 
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Table XLIII. {Continued) 
Hourly spreader production 


Traction speed 

Square yards per hour 


Gear 

Feet per minute 

(20-foot road width) 


Low 

7.75 

1,030 

2d 

11.8 

1,575 

3d 

14.1 

1,880 

4th 

86.6 

11,550 


b. Us* of spr*od*r and llnish*r. (1) The spreader follows the 
paver and spreads the intermittent batch output of the paver in a con- 
tinuous, uniform slab of concrete between road forms. It rides the 
forms to maintain the height of surface concrete. The spreader gives a 
uniformly level surface for the finisher. 

(2) The finisher follows the spreader and rides the forms in the 
same way. It has a front screed, a vibrator, and a rear screed. The 
front screed acts as a strike-off bar and brings the surface nearer its 
final level. The vibrator moves up and down with a simultaneous 
rocking motion and consolidates the concrete. The rear screed strikes 
off the finished surface. Any surface irregularities are smoothed out 
with hand screeds during other hand operations such as edging and 
trimming joints. 

e. Sup*rvision for maximum work output. Supervisors responsible 
for obtaining maximum spreader and finisher efficiency should keep the 
following considerations in mind. 

(1) Spreaders, (a) Keep top side of form clean, dry, and free of 
form oil. This increases traction. 

(b) Help spread concrete in front of spreader by running bucket 
forward as concrete is dumped. 

(c) Slow spreader down to take smaller bites of concrete, if too 
much concrete is placed in front of spreader. 

(d) Keep two men ahead of spreader to clean off forms where ex- 
cess concrete has spilled over and to fill in low spots ahead of spreader. 

(e) Adjust spreader so it does not leave too much concrete, over- 
loading finisher screeds; and does not trim too deep, starving finisher. 

(/) Load the frame with ballast such as sandbags or bags of cement 
when operating up grades of 6 to 10 percent. 

(g) Set bottom of trolley blade high enough to keep concrete in 
contact all along the strike off. Distance above strike off varies with 
maximum size of aggregate and stiffness of mix. 

(h) On superelevated curves, especially on steep grades, the ten- 
dency of the mass of concrete is to work toward the low side. Adjust 
strike-off plate to compensate for this tendency by lowering strike off 
on low side and raising it on high side, 

(2) Finishers, (a) Check and set crown adjustments on screeds at 
the beginning of each day and each time the finished profile changes. 
Screeds must be adjusted gradually until final screed setting is made. 
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smooth, stable track on which finishing and spreading machines can 
operate. 

e. Man-hours required to set forms. An eight-man crew can strip, 
clean, oil, and reset 200 linear feet of steel forms an hour. After com- 
pletely oiling the steel form, the top side or traction edge of the form 
must be wiped free of oil. 


Section XIV. DITCHING MACHINES. MOWERS. SWEEPERS. 
LOADER BUCKETS. CLEARING UNITS. EARTH AUGERS. TRACTOR- 
MOUNTED WINCHES. AND CHAIN SAWS 

68. PHYSICAL CHARACTERISTICS. See table XLV for data on di- 
mensions and weights of ditching machines, mowers, sweepers, loader 
buckets, clearing units, earth augers, and tractor-mounted winches. 


69. USE OF EQUIPMENT, a. Ditching machines. (1) Use. Ladder- 
type ditching machines are used for general-purpose ditching and 
trenching. They are crawler-mounted and travel forward as they dig. 
Material is deposited in a spoil bank beside the ditch. Ditching ma- 
chines are capable of digging tough or sticky clay, shale, coral rock, 
and frozen soil. They will also cut through thin pavements. 

(2) Estimating work output. The length oi ditch that can be cut 
in a given time depends on type of material and depth of cut. Speed 
varies from 1 to 8 feet per minute. To estimate capacity accurately, 
tests should be made in the type soil to be dug. 

b. Mowers. (1) Use. Mowers are used to cut high grass, weeds, 
and light shrubbery. They cut 2 to 9 inches above ground level. 

(2) Estimating work output. The area mowed in a given, time can 
be estimated from tractor speed and effective cutter-bar width. (See 
table IV.) Under normal conditions mowers cut 1^ to 3 acres an hour. 

e. Rotary-broom sweoptr. (1) Use. Rotary-broom sweepers are 
used to clean road and runway surfaces before asphalt is laid. They 
can also be used to sweep away sand, dust, gravel, and light snow. 

(2) Estimating work output. Work output can be estimated from 
tractor speed and effective broom width. (See table IV.) Under nor- 
mal conditions, sweepers can clean approximately 2,500 square yards 
an hour. 

(3) Application and management. See figure 138 for proper method 
of routing for efficient operation. 

d. Loader bucket. (1) Use. Loader buckets are used to load trucks 
and trailers with earth and aggregate. They can also be used for exca- 
vating, backfilKng, light grading, leveling, loading and unloading 
cargo, and stock-pile loading. 

(2) Work output. Table XLVI gives typical output of ^-cubic 
yard loader bucket for various operations. 

e. Tractor-mounted clearing unit. (1) Use. Tractor-mounted 
clearing units are used to pull and haul trees and stumps. They can 
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Table XLV. Physical characteristics of equipment^Continued 
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Figure I ty:s(?ig ramp and haps to load trucks. 
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CONSTRUCTION MATS FOR CRANES 




Figure /5J. Construction mats used to facilitate crane travel in muddy or swampy 

terrain. 
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Figure 15^. Improvised water sprinkler. 
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Figure 136, Improvised truck-rnounted crane. 
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dcptli of bore bales should be controlled with a lo'cl or transit. The 
spacing ot holes is listed below: 


Face 

I Hslance hack of face 
(feet) 

Spacing 

50-10 

1,5 


10-50 

J8 

14 

50^90 

20 

16-18 

90A2Q 

25 

20 


(b) Four or five rows of 30- to 40-foot holes can be shot at one 
lime. Two rows ot 40- to 50-loot holes can be shot at once. For faces 
more than 50 feet high, only one row of holes is fired. 



Figure 1 61, Well-drill blasting. 


c. Amount of explosives used. (1) The amoimt of explosives used 
varies with the haru ness of the rock, the number of cracks and fissures, 
and the c|uarrying method used. In general, test holes and test blasts 
are the only certain method of determining the amount of explosives 
required. 
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(2) Table XLIX lists the approximate amount of explosives used 
in benching and well-drilling bore holes. 


Table XLIX, Approximale explosives required per foot of hole (tveU-lamped) 


Diameter of 
bore hole 
(inches) 

Explosives 
(pounds per foot 
of hole) 

Diameter of 
bore hole 
(inches) 

Explosives 
(pounds per foot 
of hole) 

1 

0.30 

5 

7.40 

VA 

0.45 

bVi 

8.30 

IV2 

0.65 

hVs 

9.35 

\Y4, 

0.90 

6 

10.60 

2 

1.20 


12.50 

2Vi 

1.85 

7 

14.50 

3 

2.70 

8 

18.90 


3.65 

9 

23.90 

4 

4.75 

10 

29.50 

.4H 

5.95 

11 

35.70 



12 

% 

42.50 


77« ROCK EXCAVATION. Rock making shovel excavation difficult 
or impossible in road cuts must be blasted. 

a. Ov«rburci*n. Soft or easily excavated overburden deeper than 
6 feet is usually removed before blasting the rock. It is more efficient 
to blast the entire formation if the overburden is less than 6 feet deep. 

b. Depth of blasted layers and excavation steps. Cuts should be 
made in 8- or 10-foot steps. Figure 162 shows a method which can be 
used on all cuts deeper than 10 feet. It shortens the shovel swing and 
provides continuous truck routes. 

e. Spacing of bore holes. (1) Well holes. An entire cut can be 
blasted to grade with one shot by drilling well holes ahead of the 
shovel. (See fig. 163.) This speeds shovel operation. When the whole 
cut cannot be blasted at once, bore holes should be drilled 100 to 150 
feet ahead of the shovel and blasted four or five rows at a time. 

(2) Snake holes. Snake holes are usually used to widen cuts. They 
are drilled on 5-foot centers and wherever possible blasted simultane- 
ously. (See fig. 163.) 

d. Sidehill cuts. A method of making sidehill cuts is shown in figure 
164. Well holes are drilled 5 to 8 feet apart in rows spaced 5 to 8 
feet apart. 

e. Amount of explosives. The weight of explosives put in each bore 
hole varies with the type and condition of material to be blasted 
and the degree of break-up necessary for efficient shovel operation. 
Table XLIX lists the amount of explosives bore holes will take per 
foot of hole. Test bore holes should be used to determine the total 
weight of explosives required. Generally, each test bore hole indicates 
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slightly different characteristics caused by rock fissures or tamping. For 
best results a 10 to 20 percent overload is necessary. This will make 
shovel operation faster and will minimize redrilling and reshooting. 

78. DITCHING, o. General. Open ditches can be blasted in rock 
and most -type soils by either the propagation or electrical method. 
These methods are not effective in gravel, loose sand, or hard-packed 
dry earth. Ditches can be blasted from 21^ to 12 feet deep and from 
4 to 40 feet wide, depending on the loading method and the amount 
of explosive used. Blasting cuts a rough dit^ which may be improved 
and cleaned with a grader or dozer, and eliminates large soil piles along 
the sides of the ditch. 

b. Propagafion rnathed. (1) General. The propagation method is 
used only in wet soils. It cannot be used in loose sand or gravel or 
in hard-packed dry earth. In this method, the hole or holes at the 
end of the proposed ditch are primed. The concussion from each 
charge is sufficient to detonate succeeding charges. This method is 
especially good in swamps where the ground is covered by several 
inches of water and contains stumps. 

(2) Test shots. Make a few trial shots to ascertain 'the best depth 
and spacing for holes. Generally, for ditches 3 to 3^ feet deep, charges 
should be placed 2 to 2i/2 feet deep and spaced 18 to 24 inches apart. 
In swamps the charge should be placed 1 to 2 feet above the desired 
bottom of the ditch. In no case are charges placed more than 24 inches 
apart. Begin with holes 2 feet deep and 18 inches apart. One extra 
charge should be placed in the primer hole and in each hole adjoining 
the primer. Correct loading will lift the soil at least 200 feet leaving 
a clean ditch. 

(3) Amount of charge and size of ditch. In soil with few roots, small 
ditches about 2 feet deep and 4 feet wide are dug with i/^-pound 
charges spaced 18 inches apart. Larger ditches are dug with 2- or 4- 
pound charges in each hole. A second and third line of charges par- 
allel to and 4 to 5 feet from the first line are used to make wide ditches. 
Each line of charges must be primed and it is advisable to overload the 
first or primed charge 1 or 2 pounds. 

(4) Charge holes. The holes are bored along the ditch center line 
as shown in figure 165. The charge line can be run with a transit 
or chalk line. When using a transit, the grade of the trench can be 
accurately controlled by checking the hole depth every 5 or 10 holes 
and at each change in grade. (See fig 166.) Holes are put down using 
a sharp punch or a quicksand punch. (See fig 167.) Holes are loaded 
and tamped at once to prevent cave-ins and to insure that the charge 
is at the correct depth. 

c. Electrical method. (1) General. The electrical method of blast- 
ing does efficient work regardless of moisture content of the soil. In 
this method, each charge is primed with an electric blasting cap. A 
high-velocity explosive should be used to obtain clean ditches. Blasting 
ditches in dry sand and fine gravel is practically impossible. 

(2) Amount of charge and methods of loading. The amount of 
charge for various sized ditches can be determined by the test method 
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Figure I6f, Line of holes loaded for a propagation ditch blast in wet soils. Note 
increased charge Used in prime holc\and uridef stumps. 
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(^ 
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1 
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1 
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4.0 

3.0 

5 

1 

2 

10 

4.8 

5.2 

3.2 ' ' 

9 

3 

3 

11 

6.7 

4.3 

t.3 

13 

3 

4 

12 

7.0 

5.0 

1 Q 

17 

4 

5 

^3 

5.0 
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Fif'ure 167. Punches used to bore and set charge holes. 
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Figure 172. PiUi-hole method of loading fur slwllow ditches vi mud. 
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® Evenly rooted slump. Note that charge ® Large tap root bored to save explosive, 
unll blQiv out u right-angled This requires more time and labor, 

® Large roots on one side of tree. ® Heavy tap root with strong brace roots 

® Large and heavy laiaral brace roots, equally disirihuted around the stump, 
Charges are placed under strongest roots. 0 Small stump with large tap root. 

Figure 17 Stump blastmg method for various tree sizes and root structures. 
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described in paragraph 78b (2) . Loading methods and patterns are 
shown in figures 168 through 172. 

79. BLASTING TREES AND STUMPS. Tree and stump blasting 
methods vary with the size and condition of tree and the root structure. 
Table L lists the number of dynamite cartridges required to blast trees 
and stumps of various sizes. Figure 173 shows the method of blasting 
stumps with various types of roots. 


TaMe L. Explosive required for tree or stump bUnstiug* 


Diameter of 
etiimp 1 foot 
above ground 
(inches) 

Approximate number of 50 percent 1 ]4r by 8-inch 
dynamite cartridges 

Green tree or stump 

Dead tree or stump 

8 

2 

1 

12 

3 

2 

18 

5 

3 

24 

7 

4 

30 ' 1 

11 

5 

36 

14 

6 


* Charge loaded at root for tap>rooted stumps. (See fig. 173 (5) and (6).) 


80. BLASTING BOULDERS, a. General. Blasting is a quick and easy 
way to remove and dispose of large boulders. Dynamite is commonly 
used, but any of the military explosives can be used. The shape and 
size of a buried boulder is determined by probing with pointed steel 
rod. Boulders blasted in congested areas should be heavily covered 
by rope and timber mats. 

b. Blasting mnthods. There are three methods of placing charges— 
blockholing, snakeholing, and mudcapping. Any standard method of 
firing the charge can be used. 

(1) Blockholing (fig. 174 (1) ) . A hole is drilled halfway through 
the boulder with a pneumatic rock drill. The charge is placed in the 
center of the boulder and primed, the hole is tamped full, and the 
charge is fired. 

(2) Snakeholing (fig. 174 (2) ) . A hole is punched under the 
boulder with a punch or crowbar. The charge is placed in the hole 
under the center of the boulder and primed, the hole is tamped full, 
and the charge is fired. The charge will roll the boulder out of its 
hole or shatter it. 

(3) Mudcapping (fig, 174 (3)). The charge is placed on top of the 
boulder and over a crack or in a depression if possible. The charge 
is covered with clay, mud, or sandbags full of sand and earth. No rocks 
should be used in the tamping material. The charge is^fired and the 
bofllder shattered. 
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S*etion IV. CONSTRUCTION DRAINAGE AND HYDRAULIC AIDS 


81. NECESSITY FOR CONSTRUCTION DRAINAGE Adequate drain- 
age must be provided during the construction period for areas subject 
to stream overflow, or high ground-water table, particularly where 
rain or snowfall is heavy. The first construction work on any project 
should provide drainage for the work to follow. As new stages or work 
items are started, additional drainage facilities should be provided to 
insure that work will not be interrupted by accumulations of mud, 
water, and ice. At the end of each day’s work and at any other time 
the project is shut down, steps should be taken to insure continuous 
drainage during the shutdown period. Failure to provide proper 
construction drainage delays and hampers all work and equipment, 
results in loss of moisture control in embankment filling and compac- 
tion, and leads to erosion of landing-strip surfaces, embankments, and 
cut slopes. 


82. SUGGESTIONS FOR CONSTRUCTION DRAINAGE. When drain- 
ing a construction site, attention should always be directed to— 

a. Locating, opening, and cleaning out all natural drainage chan- 
nels. Use power shovels, draglines, dozers, graders, or scrapers. 

b. Opening and maintaining adequate intercepting ditches and dikes 
above cuts, storage areas, equipment parks, borrow pits, and quarries. 
Use graders, dozers, or scrapers for ditch excavation and dike con- 
struction. 

e. Diverting from construction site all streams which might overflow 
into the construction area. Use power shovels, draglines, dozers, and 
scrapers or graders for channel excavation. 

d. Installing adequate drainage outlets in borrow pits and quarries. 
Pumping installations will frequently be required. 

e. Removing ruts and low spots and generally smoothing the surface 
of landing strips, roads, equipment parks, storage areas, and other 
traveled areas in the construction site. Use graders, drags, or scrapers. 

f. Maintaining an adequate crown on all road and landing-strip sur- 
faces with graders, drags, and scrapers. See FM 5-10 and TM 5-255 
for specifications. 

g. Maintaining all side slopes of cuts and fills. Slope must be correct 
for the particular soil type to prevent erosion which would fill side 
ditches with silt. Use graders or dozers. 

h. Using well points and pumps to lower water tables which inter- 
fere with construction operations and cannot be lowered by open 
ditches. 

i. Removing debris and silt from bridge and culvert openings to pre- 
vent their clogging during major flows. This is primarily a job for 
hand labor. 

j. Providing pondage areas outside the construction site for drainage 
water which cannot be carried away by existing natural channels. The 
capacity of such ponds should be determined and balanced against 
the expected run-off during the construction period. Such pondage 
areas can usually be provided by constructing dikes with dozers, power 
shovels, draglines, or graders. 
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k. Providing sumps into which excess surface water can be diverted 
and later disposed of by pumping. This applies when terrain does 
not provide adequate natural drainage. Use draglines, power shovels, 
or dozers. 

l. Filling holes left by the removal of trees and stumps. The dozer is 
the best machine for the purpose. The fill material should be thor- 
oughly compacted, normally with a pneumatic tamper. 

83. PIPE LINES. The quantity of water required for airdrome and 
road construction presents a difficult transportation problem, which can 
often be solved by pumping and piping systems if necessary equipment 
and material are available. 

a. Disfribution. Usual practice is to lay pipe down one side of a 
runway or road, inserting T-couplings every 200 or 300 feet. The 
T-couplings are closed with either plugs or short nipples and valves, 
water being delivered from the pipe through Koses. 

b. Pressures. High pumping pressures are required if a large volume 
of water is to be pumped several miles. (See table LI.) Gravity flow 
may be used if the water source is above the distributing point. Three- 
inclt pipe is recommended, although 2-inch pipe can be used. 


Table LI. Head required to deliver water at given rates through 1,000 feet of ordinary 
iron pipe. Head developed either by pump pressure or gravity* 


Discharge quantity 

Head in feet 

Gallons 

Gallons 

2-inch 

21^-inch 

3-inch 

per minute 

per 10-hour day 

pipe 

pipe 

. pipe 

20 

12,000 

18 

6 

3 

30 

18,000 

38 

13 

6 

40 

24,000 

66 

22 

9 

50 

30,000 

99 

33 

14 

60 

36,000 

138 

46 

19 

70 

42,000 

183 

62 

26 

^ 80 

48,000 

236 

79 

33 

90 

54,000 


97 

40 

100 

60,000 


120 

1 

50 

no 

66,000 


144 

60 

120 

72,000 


167 

70 


*To obtain pressure in pounds per square inch, multiply figures given by 0.434. 


84. PONDING. Sandy, gravelly soils may also be compacted by pond- 
ing. Small ridges or dikes forming a 25-foot square are constructed 
and the surface is flooded. The depth to which ponding is effective 
depends on the porosity of the material. 

Cauliom This method should not be used on plastic soils or when 
appreciable amounts of fine-grained soil binder material are present 
in the sand or gravel. 
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CHAPTER 5 


CAPABILITIES AND USE OF LABOR 


85. GENERAL, a. Purpos*. The capabilities and use of labor in road 
or airdrome construction are discussed in this chapter. 

b. Uses. Labor is used— 

(1) To operate equipment. 

(2) To work with hand tools in construction teams, thereby increas- 
ing equipment output. 

(3) To perform by hand or with hand tools tasks which cannot be 
done with machines or for which machines are not available. 

e. Types. There are three classifications of labor: troop labor, 
civilian labor, or prisoner-of-war labor. 

d. Measures of work capacity. The ability of a unit to do work 
is measured by— 

(1) Work output per man per hour. 

(2) Man-hours per day normally available from the unit. 

(3) Additional man-hours per day available from the unit in an 
emergency. 

86. TROOP LABOR, a. Tables of organization. The amount, com- 
position, and organization of troop labor in any unit is set forth in 
its table of organization. The officer in charge of a construction project 
must be familiar at all times with the tables of organization of units 
under his direction. 

(1) The approved organization of each construction unit is the 
best for most jobs on which the unit will work; it should be adhered 
to except in special situations. 

(2) The construction strength of a unit is the number of men 
actually available at the job after administrative and housekeeping 
personnel have been assigned. Table LII tabulates this break*down 
for various engineer troop organizations. 

b. Use of specialists. Each unit is provided with men specially 
trained to hanale every type of technical duty normally encountered 
by the unit. Full use should be made of these specialists. 

87. CIVILIAN LABOR. The demands for construction within a theater 
of operations normally exceed the capacity of available engineer troops. 
Whenever possible, this deficiency is made up by using native civilian 
labor. Frequently the officer in charge is empowered to solicit, classify, 
and employ local native civilians. They are employed and paid in 
accordance with theater policy and directives. 

a. Employing labor. Local security, prevention of pilferage and 
sabotage, and work efficiency demand careful selection of civilian per- 
sonnel. The officer in charge carefully selects a labor superintendent 
and together they contact local leaders to plan procurement procedures. 
The labor superintendent should be a local labor leader, tribal or 
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village chieftain, or other person of locally recognized authority. The 
hiring of undesirable elements or sections of the labor market can be 
avoided by working with local leaders. 

(1) Local existing wage scales are used. 

(2) Work supervisors, foremen, and squad bosses, classified and 
hired beforehand, are used to recruit labor. 

(3) Labor is carefully screened to separate skilled individuals such 
as masons, carpenters, and concrete finishers. These individuals are 
assigned to duties using their special abilities. 

(4) Civilian labor is divided into separate groups wherever local 
custom and religious affiliation demand it. 

(5) If practicable, a. clerical administrative section is hired so the 
entire civilian labor organization becomes a balanced work unit requir- 
ing a minimum of military supervision. 

b. Assignment. The maximum number of civilians that can ef- 
fectively be placed under supervision of various engineer units is shown 
below. In general, it is assumed that nine laborers per squad of a 
general service regiment or equivalent unit is the most practical num- 
ber. The numbers shown may be used for planning purposes although 
specific cases may warrant considerable variations. The civilian com- 
ponent of each lettered company is referred to as a “civilian construc- 
tion group”; the unit assigned to headquarters and headquarters and 
service company is referred to as “civilian headquarters group.” It 
is estimated that 10 percent of the civilians assigned to lettered com- 
panies can be employed as a civilian headquarters group. Maximum 
numbers for effective employment are: 


(1) Engineer general service regiment. 

Civilians per squad 9 

Civilians j>er civilian construction group (company) 81 

Six civilian construction groups (two battalions) 486 

Civilians per civilian headquarters group 49 


Total civilians «... 535 

(2) Engineer combat battalion. 

Civilians per squad ^ 9 

Civilians per civilian construction group (company) ...... 81 

Total of three groups (battalion) 243 

Civilians per civilian headquarters group 24 

Total civilians 267 


e. Construction strength. Normal weekly reduction of strength 
in civilian construction personnel is estimated below. These figures 
should be adjusted by experience in a given area. Percentages given 
are of the number of civilians doing construction work, excluding 
administrative personnel. 

(1) Health reduction 14 percent (1 day per week per man) . 

(2) Absentees 7 percent, caused by temperament, misunderstand- 
ing, variation in language and customs, religious obligations, and 
adjustment to conditions (I /2 day per week per roan) . 

(3) Time off duty 14 percent (1 day of rest per week per man) . 
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d. Supervision. Civilian laborers are organized into crews under 
civilian foreman and subforemen. A specially designated officer or 
noncommissioned officer, such as the platoon sergeant of a platoon to 
which native civilian labor crew is attached, issues instructions to the 
foremen and subforemen on the nature of the task and the results 
expected, and makes recommendations on how it can best be done. 
The designated officer or noncommissioned officer inspects the work 
frequently to see that desired results are being achieved and makes 
any criticisms to the foreman. He does not interfere with the work 
or supervise the individual laborers. 

•. Discipline. Discipline is just, firm, and rapid, but is resorted to 
only when there is no alternative. When it is necessary to discipline a 
civilian employee, he should be brought alone before the officer in 
charge with all his superiors and a good interpreter present. The 
inquiry is conducted in his language and the degree and extent of fault 
is fairly determined. Firm reprimand or a few days enforced lay-off 
solves most difficulties. Reduction either in pay or in grade and pay 
may be imp>osed. Serious cases may require discharge with pay for 
labor performed, or civil action by local courts, or both. Fines, capital 
punishment, or cruel or tyrannical penalties cannot be imposed. 

88. PRISONER-OF-WAR LABOR, a. Procurement. Prisoners of war 
are requested by grade from the local provost marshal to form a 
labor unit similar in organization to the engineer unit to which they 
are attached. Mess, kitchen police, supply, clerical, and fatigue per- 
sonnel are included in the request to form a balanced labor unit. 
Prisoner commissioned personnel, other than captured medical officers, 
are seldom used. 

b. Handling prisoners of vror. Attachment of prisoners of war to 
a construction unit normally requires the establishment of a prisoner- 
of-war camp or compounded with complete administrative functions. 
Regulations governing prisoners of war are published in a series of 
War Department Prisoner of War Circulars. Military discipline and 
courtesy are firmly enforced. Prisoners are subject to the laws, regula- 
tions, and orders in force in the Army of the United States, including 
the Articles of War. Regulations affecting the conduct and activities 
of prisoners are posted conspicuously in their native language. Prisoners 
are treated humanely at all times and are protected against violence, 
insults, and curiosity. Measures of reprisal are prohibited and prisoners 
retain the right to have their person and their honor respected. 

c. Use of prisoners. Prisoners may be employed only on projects 
permitted by tlie Geneva Convention. War Department directives fur- 
ther restrict prisoner-of-war employment. Tools remain in possession 
of prisoners only during work hours. 

d. Supervision. Prisoners of war are supervised by their own non- 
commissioned officers, who receive instructions on the nature of the 
task, the results expected, and how the task shall be performed, from 
the officer in charge of the project or a designated representative. Work 
output of prisoner-of-war labor is normally much lower than that of 
troop labor because of the prisoner’s low morale and their lack of 
familiarity with our methods and tools. 
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89. WORK OUTPUT PER MAN-HOUR. The work accomplished by 
one man in 1 hour is the basis for estimating the work output of labor. 
Tables of average work output per man-hour on various tasks are 
shown in FM 5-10, 5-35, and TM 5-255. These should be supple- 
mented by records maintained by each unit. I'he work one man will 
produce in an hour varies widely and depends on the following factors. 

a. Morale. The condition of an individual or group with regard to 
courage, confidence, and enthusiasm in the performance of duty is 
morale. If morale is to be high— 

(1) The individual must believe that the work is essential and 
worthwhile, and he must understand its relationship to the over-all 
effort. This is particularly true of troop labor. 

(2) The individual must feel that he is doing his fair share; that 
is, that others are not idling while he is working, and that he is not 
kept idle when there is essential work to do. 

(3) The individual must feel that his living conditions are the 
best possible under existing conditions. Poor food is a major and 
immediate. cause of discontent. Time and facilities must be available 
to attend to personal hygiene and cleanliness. 

(4) Esprit de corps must be developed. A healthy spirit of compe- 
tition between units will greatly increase the work output. 

(5) Mail must be delivered as often as possible. 

(6) Individual problems and grievances must receive fair and 
prompt attention. 

b. Physical condition. The strength, stamina, and general health of 
an individual affects his work output, which drops off rapidly if he 
becomes tired or ill. Physical condition must be given special consid- 
eration in estimating work output of native civilian laborers, since 
they are frequently poorly fed and diseased. 

c. Working conditions. Climate, terrain, safety precautions, and 
enemy interference determine working conditions. 

(1) Output per man-hour decreases during intense heat, severe cold, 
or continued rain or snow. 

(2) Men cannot work at their normal rate when hampered by 
muddy or frozen ground, dense or tangled vegetation, or when annoyed 
by insects. 

(3) If the men believe that construction methods or equipment are 
unsafe, they will not give maximum work output. 

(4) Enemy interference does not necessarily tend to decrease work 
output per man-hour. If the men feel that an adequate warning and 
outpost system is employed, they may even increase their work output 
to finish the job as quickly as possible. 

d. State of training. If men are properly trained when a job be- 
gins, their initial work output will be greater than the output of 
untrained personnel. In either case, work output will increase as the 
job progresses. Native laborers will produce more when assigned to 
tasks with which their native experience has made them familiar. 

90. NORMAL MAN-HOURS PER DAY. The number of man hours 
which normally can be worked per day depends on: 

a. The construction strength of the unit. 

b. The length of work day, which is determined by the hours of day- 
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light (table LIII) and the availability of lighting equipment for night 
work. 

Table LIII. Hours of dayligkfl 


Month 


north’ 

Jan. 

Feb. 

Mar. 

April 

May 

June 

July 

Aug. 

Sep. 

Oct. 

Nov. 

Dec. 

0* 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

10* 

12 

12 

12 

12 

13 

13 

13 

12 

12 

12 

12 

12 

20* 

11 

12 

12 

13 

B[ 

13 

13 

13 

12 

* 

12 

11 

11 

30* 

10 

11 

12 

13 

^5 

14 

14 

13 

12 

11 

11 

10 

40* 

10 

11 

12 

13 1 


15 

15 

14 

12 

11 

10 

9 

50® 

9 

10 

12 { 

14 

15 

16 

16 

14 

12 

11 i 

9 

8 

60* 

B 

9 

12 

15 

17 i 

19 

18 

B 

B 

10 

8 

6 

70* 

0 

B 

12 

16 

23 

24 

24 

B 

B 

9 

4 

0 

80* 

0 

0 

12 

24 

24 

24 

24 

24 

12 


0 

0 


1 Time between sunrise and sunset. Approximately 30 minutes twilight is available before sunrise and 
after sunset. 

* For latitude south, subtract figure given from 24. 


e. The number of shifts either one or two, depending on the size of 
the unit, the length of the day, and the available tools and equipment. 

91. EMERGENCY MAN-HOURS. In an emergency the work output 
of engineer troops can be increased as follows: 
o. DHring full moon. Three days before and after the full moon, 
construction activities can be carried on in the open, at night, without 
lights. Based on an additional working time of 3 hours per day and 
a reduction factor of 45 percent for overcast skies and reduced effi- 
ciency, additional man-hours that can be obtained for each full-moon 
period are shown in table LIV. Dates of occurrence of full-moon phases 
are shown in table LV. 

Table LI V. Emergency time available between sunset and sunrise during full moon 


Organisation 


Component 

Gen. serv. regt. 

Combat bn. 

1 

Cons. bn. 

Engr. avn. bn. 

AB Engr. avn. bn. 

Cons. 

strength 

Man- 

hours 

Cons. 

strength 

1 Man- 
hours 

Cons. 

strength 

Man- 

hours 

Cons. 

strength 

Man- 

hours 

Cons. 

strength 

Man- 

hours 

1 man 

1 ’ 

10 

1 

10 

1 

10 

1 

10 

m 

10 

Regt 

954 

9,540 

-- 

|H 

-- 

1 

1 

-- 

-- 

■ 

-- 

Bn 

444 

4,440 

442 


672 j 

6,720 

574 


336 

3,360 

Co 

148 

1,480 

132 

1,320 





94 

940 
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CHAPTER 6 


PLANNING CONSTRUCTION OF IMPROVED ROADS 

AND AIRDROMES 


Section I. BASIC CONSIDERATIONS 

92. SCOPE. This chapter tells how to manage a road or airdrome 
construction project. 

93. PHASES OF MANAGEMENT. The two phases in the successful 
management of a construction job are first, planning and scheduling, 
and second, keeping work on schedule by close supervision. 

a. Scheduling. (1) Definition . . Scheduling is the process of work- 
ing out a detailed time plan which coordinates all construction opera- 
tions and indicates how available equipment and labor will be used 
to complete the job in the shortest possible time. A schedule is usually 
in graph form; see section II for details on preparation. 

(2) Use. The schedule serves as a control chart when assigning 
equipment and labor and assembling materials during construction. It 
is also used as a progress chart to guide supervision. 

b. Supervision. Supervision is the control, coordination, and ad- 
justment of construction schedules. It involves careful personal inspec- 
tion, and review and analysis of schedules and progress reports, work 
output records, and equipment records. See section III for detail 
methods and check lists to be used in inspection, and for informa- 
tion on how to use various types of progress and work output records. 

94. DEFINITIONS. The following terms are used in discussing schedul- 
ing and supervision: 

a. Stage construction is the procedure followed when a project is 
completed either by units or by levels of improvement. Stage construc- 
tion permits early use of items of high priority such as taxiways for 
an airdrome, or of the unimproved project as a whole, such as a com- 
pacted road subgrade. 

b. Engineering designs for a project consist of lay-outs, profiles, cross 
sections, and mass diagrams. See FM 5-10, TM 5-230, 5-235, and 
5-255 for detailed information on the preparation of these designs. 

e. Work items are specific tasks for which work output of men and 
equipment is known or can be estimated. Some work items, like com- 
paction, are performed in a single basic operation; others, like excava- 
tion which may include digging, loading, hauling, and dumping, require 
several basic operations. 

d. Quantity is the number of units, such as cubic yards of excavation 
or square yards of surface treatment, used to measure a work item. 

e. Quantity survey is the process of determining the quantities for 
all work items in a project. The quantities are taken from engineering 
designs or measured by field surveys. 
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f. Resources include equipment, personnel, materials, and construc- 
tion facilities either on hana or available. 

9. Construction facilities include buildings, piers, trails, roads, air- 
dromes, water points, lighting, equipment parks, dispersal areas, and 
similar facilities required during construction. 

h. Construction teams are made up of men and equipment organized 
to obtain maximum work output on a given task. An example is the 
earthwork team consisting of the power shovel as the key tool, with 
dump trucks to haul and dump, dozers or graders to spread, and 
rollers to compact. 

i. Key equipment is the piece of equipment about which a construc- 
tion team is organized. It controls the output of the team provided 
sufficient auxiliary equipment is available. 

f . Controlling work items are work items which, because of the 
ume and character of work involved, control the scheduling and 
assignment of equipment and labor. Examples of controlling work 
items aye clearing and grubbing in jungle construction, or excavation 
and hll in mountain construction. 

k. Sequence is the order in which operations must begin. Some opera- 
tions cannot begin until other operations have been completed. For 
example, excavation must follow clearing and grubbing. Succeeding 
operations usually can begin as soon as preceding operations are com- 
plete on sufficient area to avoid interference. 

I. Advance planning and preparation is that work which must be 
either partially or totally complete before actual construction opera- 
tions can begin. 


Section II. SCHEDULING 

95. INTRODUCTION. The construction-operations schedule showing 
the sequence of operations and the time allotted each work item and 
task is the master schedule in all construction projects. The detail in- 
cluded in the schedule and the need for supplemental equipment, 
labor, and material schedules depend on the size of the project. A 
large project including several stages, many work items, and a large 
amount of equipment, labor, and materials requires all these supple- 
mental schedules and considerable detail in each. A small project in- 
cluding only a few work items and limited equipment, labor, and 
materials may require only a brief construction-operations schedule 
with attached notes on equipment, labor, and material requirements. 

96. STEPS IN SCHEDULING. In normal sequence the essential steps 
in preparing the construction-operations schedule are: 

a. General study of job, including forecast of working conditions. 
(See par. 97.) 

b. Inventory of available resources. (See par. 98.) 

c. Quantity survey. (See par. 99.) 

d. Working out detailed schedule of operations. (See par. 100.) 

e. Summarizing detailed schedule of operations in a master construc- 
tion-operations schedule and in supplementary labor, equipment, and 
material schedules. (See par. 101.) 
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struction strength to obtain the actual number of men available for 
hand labor. 

c. Materiols. (1) Depot stock piles and local civilian stocks are 
checked to see if the necessary amounts of cement, bitumen, lumber, 
and other manufactured materials are available. 

(2) The possibility of securing timbers for bridges and culverts from 
material which must be cleared from the construction site is checked 
during reconnaissance. 

(3) The adequacy, availability, and location of quarries and gravel 
and soil pits are checked by reconnaissance. The output of the quarry 
or pit should be sufficient to meet daily requirements and at the same 
time maintain stock pile in case of equipment break-down. 

d. Facilities. (1) Existing roads and trails are reconnoitered as 
possible haul and access roads. Notes are also made of the mainte- 
nance required to keep these roads in condition for most efficient use. 

(2) Suitable dump areas for waste material from excavation and 
clearing are located. They should be located where haul distance is at 
a minimum and construction and operation activities are least inter- 
fered with. They should be available by the time excavation or clearing 
begins. 

(3) Sources of water suitable for construction water supply are lo- 
cated and their capacity indicated. Water is needed for washing aggre- 
gate, mixing concrete, and sprinkling fill or other material during com- 
paction. It may be obtained from streams, springs, reservoirs, lakes, 
or existing pipe lines. If a great deal of water is required as in sprink- 
ling fill and base-course material for compaction, it may be advisable 
to construct a pipe line directly to the site to avoid tying up an exces- 
sive amount of hauling equipment. 

(4) Areas suitable for equipment parks, dispersal areas, and repair 
sections are noted. They should be convenient to the work site. 

99. QUANTITY SURVEY. Quantities taken from engineering designs 
or field surveys are expressed in units suitable to each work item. Table 
LVIII gives standard units for the more common work items. 


100. WORKING OUT DETAIL SCHEDULE, a. Scop*. To obtain the 
best plan for the most rapid completion of the project with available 
resources, the entire job must be thought through, step by step, as 
equipment and labor assignments are made and the construction-opera- 
tions schedule is drawn up. In thinking the job through, the officer in 
charge must— 

(1) Anticipate all work items involved. This is done in preparing 
the quantity survey. (See par. 99.) 

(2) Forecast special situations and unusual conditions which may 
arise during the construction period. This is part of the general study. 
(See par. 97 c.) 

(3) Foresee the necessity for construction facilities and aids. This is 
part of the inventory of resources. (See par. 98d.) 

(4) Tentatively decide how to do each task. 

(5) Schedule and assign operations, labor, equipment, construction 
teams, and materials. 
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Table LVIIT. Standard units of measure for work item quantities 


Work item 

Unit of 
measure 

Remarks 

Clearing and grubbing 

Trees, stumps, and boulders 

acre 

each 

Actual area, does not include bare spots. 
When removal requires special methods 
or equipment. 

Stripping 

Light stripping 
Heavy stripping 
Hauling 

acre 
cu yd 
feet 

Average haul distance 

Ditching and diking 
Deep 

Shallow 

cu yd 
lin ft 

If nonuniform or involves large quan- 
tities. 

If uniform or involves small quantities. 

Water supply 
Pumping 

gpm 

gph 

The pumping head or difference in ele- 
vation is expressed in feet. 

Earthwork 

Excavation 
Structure excavation 
Hauling 

Spreading and compacting 

~I 

CU yd 
cu yd 
feet 

cu yd 

Measured in place, before removal. 
Measured in place, before removal. 
Center of mass in cut to center of mass 
in fill. 

Spread and compacted in layers of spec- 
ified thickness. 

Subgrade 

Scarifying and shaping 
Stabilizing, pulverizing, mix- 
ing, or compacting 

sq yd 
sq yd 


Aggregates 

Quarrying, crushing, screen- 
ing, or washing 

tons 
cu yd 

Used for plant output. 

Loose measurement in stock pile. 

Bituminous surfaces 
Surface treatment 
Penetration 
Mixed-in-place 

Plant-mixed 

sq yd 
sq yd 
sq yd 

cu yd 

cu yd 
tons 

If subgrade material is used for aggre- 
gate. 

If aggregate is imported and spread on 
surface. 

Measured in place after compaction. 

If scales are available at plant. 

Portland-cernent concrete 

CU yd 

Estimate of volume actually to be 
placed. Quantities of gravel, sand, 
and cement are estimated from table 
XL, FM 6~10, and paragraph 129, 
FM 5-35. 


b. Guiding principies. In planning the work and making out the 
schedules, the officer in charge should keep certain guiding principles 
in mind and plan to— 

(1) Complete the project by stages in accordance with the dates 
established by directive. 
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technical or complicated processes requiring highly specialized equip- 
ment. 

(9) Take full advantage of the technical abilities of specialists. As- 
sign unskilled laborers only to tasks for which equipment is not avail- 
able or to construction teams where they can increase the output of 
equipment. 

(10) Make tests at the work site to solve problems in excavating and 
handling special materials such as coral (hg. 176) , caliche, volcanic 
cinders, and iron ore. 

(11) In the development of construction facilities and the selection 
of construction methods and equipment, pay special attention to un- 
usual conditions in topography, soils and geology, drainage, and vege- 
tation. 

(12) Make the schedule flexible to meet changing site, weather, and 
tactical conditions. Flexibility can be introduced by selecting alternate 
sites for quarries, gravel pits, borrow pits, central mixing and storage 
plants, equipment parks and repair sections, and by keeping in mind 
alternate construction methods and procedures. 

c. Procedure. A delinite and logical planning procedure makes it 
possible to apply all these guiding principles. The following procedure 
is suggested: 

(1) Make a sketch map of the work site and a large work estimate 
sheet. (See table LIX.) 

(2) List on a separate sheet the field tests necessary to determine 
equipment output, the best methods of handling special materials, and 
proj>er equipment for various work items and tasks. ' 

(3) List in sequence down the left side of the work estimate sheet 
all work items and tasks, including building and operating construc- 
tion facilities, and aids and field tests requiring equipment and labor. 
(See table LIX.) 

(4) Enter dates on which stages or tasks must be complete. 

(5) Take quantities for each work item from the quantity survey 
and enter them on the work estimate sheet. 

(6) List pieces of equipment best adapted for each work item to the 
right of that item. 

(7) (a) Enter the estimated work output of each piece of equip- 
ment on the work estimate sheet. The estimated output of each piece 
of equipment is determined by work output formulas, by average 
tables of work output (ch. 5) , or by reference to equipment perform- 
ance records compiled by the unit on previous projects. Output is 
estimated in the standard units for a given item. 

(6) The output of construction teams depends on the output of 
their key piece of equipment. Equipment and labor assigned to each 
team are balanced to develop full output of the key piece of equip>- 
ment and to insure no waste of equipment or labor. For example, in 
the case of a power-shovel excavating team the following steps are 
necessary: 

1. Estimate hourly output of shovel in cubic yards. 

2. Using haul formula, paragraph 33a (5) , and average length 

of haul, compute number of trucks required. 

3. Estimate number of dozers or graders required to spread the 

dumped material. 
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4. Estimate number of rollers required to compact the spread 
material. 

(8) Enter time needed to complete each work item in the work 
estimate sheet. (See table LIX.) The number of hours or days required 
to complete a work item with a specific piece of equipment or con- 
struction team is calculated by the following formula: 


Time required = 


Work quantity (total cubic yards, 
square yards, or other units) 


Estimated work output per piece or 
per team in units per hour or per day 

(9) To obtain the total man-hours required (table LIX) for work 
items performed entirely by hand labor, multiply the work quantity 
l)y the estimated rate of performance in man-hours per work unit. 
Man-hours required by construction teams are estimated on the basis 
of records of team output and the components of the team. Estimated 
rates of performance for various work items are obtained from chapter 
5, or from performance records compiled by the Unit. 

(10) (a) Assign available equipment and labor to the various work 
items and tasks so each item can be completed in accord with the guid- 
ing principles set forth in paragraph 100b. 

{b) Expedient use of other available equipment, or of hand labor, 
is made when the total number of hours required of a particular ma- 
chine, such as a dozer, for a given work item exceeds the number of 
machine hours available to that item. 

(11) Balance, adjust, and coordinate schedules until the require- 
ments for all tasks are met in accord with the guiding principles. 


101. PREPARATION OF SCHEDULES. The assignments of equipment 
and labor made on the work estimate sheet are summarized on the 
construction-operations schedule. Equipment, labor, and materials 
schedules are prepared to supplement the construction-operations 
schedule. 

a. Types of eenstruetion-operations schedules. Suggested types 
of construction-operations schedules are shown in figures 177, 178, and 
179. 

(1) The type of chart shown in figure 177 lists work items in se- 
quence. Ticks on the bar of scheduled progress form a percentage 
scale, indicating the dates on which 25, 50, 75, and 100 per cent of the 
total work should be complete. The bar of actual progress is p>osted 
daily immediately under the bar of scheduled progress, and shows the 
percentage of the work actually complete. If on a given day work is 
up to schedule, the bar of actual progress will extend to that date, if 
behind schedule it' will not extend to that date, and if ahead of schedule 
it will extend beyond the date. For example, in figure 177, drainage is 2 
days behind schedule, clearing and grubbing is up to schedule, and 
stripping and excavation are each 1 day behind schedule. Actual 
progress is obtained from progress records, see paragraph 105. 

(2) The type of chart shown in figure 178 is constructed by pre- 
paring a coordinate sheet with percent of work done on the vertical 
scale and dates on the horizontal scale. Estimated progress of each 
work item is plotted by a broken line, while actual progress is shown 
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Table LJX. yWork euimale' 



eitd €>{ table. 


Table LIX. Work estimate sheet — Continued 
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Table LXII. Schedule showing estimated material requirements 
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plants, quarries and gravel pits, and the size and location of storage 
bins and stock piles are all determined by the materials schedule. 

(2) Typical schedule. A suggested type of materials schedule is 
shown in table LXII. 


Section III. SUPERVISION 

102. ELEMENTS OF SUPERVISION. The section tells how to supervise 
an improved road or airdrome construction project. Effective super- 
vision is attained by— 

a. Organizing personnel. 

b. Inspecting operations, personnel, equipment, and materials. 

c. Maintaining adequate progress records to locate bottlenecks. 

d. Continuously adjusting assignments to eliminate bottlenecks. 

•. Maintaining morale. (See par. 89a.) 

f. Maintaining equipment. 

103. ORGAN l2[ATION. Organization of the unit or units assigned to 
carry out the construction-operations schedule should conform to the 
approved tables of organization unless deviation is justified by unusual 
conditions. 

a. Organiiotion chart. An organization chart must be prepared to 
define clearly the responsibilities of all staff personnel and sub-units 
in the construction schedule. The organization chart should be posted 
for the guidance of all concerned. 

b. Changes in organisation. Changes in organization made as the 
joB progresses must be defined clearly for the benefit of all personnel 
or units concerned. 

104. iNSPECTION. a. Planning. Personal inspections should be 
planned with a definite mission. The inspection must answer one or 
more of three basic questions: 

(1) Are approved plans and specifications being followed? 

(2) Is equipment and labor being used most efficiently? 

(3) Are officers, enlisted personnel, and civilian laborers giving their 
best efforts? 

b. Check lists. Check lists are used whenever possible to make cer- 
tain that inspections are thorough and that time is riot wasted on un- 
important details. 

(1) Check lists are made up from the project designs covering basic 
work items to determine if plans and specifications are being followed. 
A sample list for checking base-course construction is shown in table 
LXIII. 


Table LXIII. Inspector's check list 
INSPECTOR'S CHECK LIST 

CONSTRUCTION OF SELECTED MATERIAL BASE COURSE 

1. Is subgrade 

a. well compacted? 
h. true to grade? 
c. true to cross section? 
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U. Is delivery of base material being made 

a, on schedule? 

b. at an even rate? 

3. Does method hauling 

a, prevent segregation of fine and coarse material? 

b. aid in compaction of base by proper routing of equipment? 

4. Is material 

a. of specified size? 

b. of specified quality? 

c. of specified grading? 

5. Is material being spread 

a, uniformly? 

b. to required depth? 

6. Are rollers compacting material 

a. uniformly? 

b. to required degree of compaction? 

c. at optimum moisture content? 

7. Is finished surface 

a, true to grade? 

b, true to cross section? 

c, free from pockets of ungraded material? 

d, being maintained free from ruts? 

(2) Check lists for proper operation and management of individual 
pieces of road and airdrome construction equipment are given in 
chapter 3. 

(3) Management check lists are useful in coordinating all opera- 
tions relating to equipment, labor, and materials. (See par. 106.) 


105. PROGRESS RECORDS, a. Purpose. Progress records measure 
the work which has been accomplished on a project. These records 
have a threefold purpose: • 

(1) To determine whether or not the work is being performed at 
the estimated rate. 

(2) To analyze etjuipment performance for possible improvements. 

(3) To establish a basis for estimating future projects. 

b. Progress charts. The separate work progress chart shown in 
figure 181 is advantageously used on projects covering a large area, 
such as a long road. Daily entries show the stage of completion of 
various work items at different work sites. The chart consists of a lay- 
out of the road or airdrome, including all structures and construction 
plants. Completion of a work item on the lay-out is indicated by an 
appropriate hatching or color. 

e. Work output records. Work output records are divided into 
two general types: records showing the total number of hours or days 
required to complete a work item of known dimensions with a given 
amount of equipment and personnel: and records showing the work 
output of construction teams or individual pieces of equipment on 
specified work items. 

(1) Table LXIV shows a suggested method of recording the work 
output of a construction team in terms of average number of units per 
hour. 

(2) Table LXV shows a suggested method of tabulating work com- 
pleted, total time required, equipment and labor used, and explanatory 
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Table LX VI I. Shift report 


SHIFT REPORT 


SHIFT NO. « 19 June U WORK ITEM E*ropo<to» 

EQUIPMENT Trador-Seraper No. S STARTING TIME 1400 OPERATOR Smith 



Working 

No. 

Haul 

Hour 

minutes 

tripe 

From 

To 

1 

50 

5 

Sta5 -f 00 

Sta 12 + 00 

2 

50 

5 

Sta 5 -f 00 

Sta 12 "j“ 00 

3 

50 


i Sta 6 + 00 

Sta 12 -P 00 

4 

30 

3 

Sta 6 + 00 

Sta 12 -f 00 

5 

30 

3 


Sta 12 -f 00 

6 

50 

6 


Sta 14 + 00 

7 

0 

0 



8 

0 

0 



9 

50 

6 

sta 6 -f 00 

Sta 14+00 

10 

40 

4 

Sta 6 -f 00 

Sta 14+00 

11 





12 





Totals 

350 

38 




Remarks: Loads heaped. Rain during hours 7 and 8. 


b. Causes. Bottlenecks may be caused by the performance of equip- 
ment or labor, shortages of materials, or poor construction methods. 

c. Remedy. Eliminating bottlenecks means essentially balancing 
performances. When an operation is ahead of schedule, it is usually 
using labor or equipment which should be assigned to an operation 
behind schedule. The information needed to balance work is obtained 
by careful review and analysis of schedules, progress charts, work out- 
put records, and equipment records, and by field inspection. 

d. Equipment. In the construction of improved roads and airdromes, 
bottlenecks are often caused by improper assignment and use of equip- 
ment. The ofiicer in charge should take full advantage of the informa- 
tion in chapters 2 and 3. Field tests should be iqade to determine the 
capacity of machines in unusual materials. The project equipment-use 
record and the shift reports prepared by equipment operators should 
be carefully reviewed and analyzed. From this information and by 
personal inspections, the officer in charge should be prepared at all 
times to answer the following questions regarding each key piece of 
equipment: 

(1) Is it giving maximum work output under existing conditions? 

(2) Could it be employed to better advantage at another location 
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or on another task? For example, a power shovel side-casting from a 
sidehill cut might be moved to a deep cut where haul is required and 
be replaced by an angledozer. 

(3) Could more output be obtained on the same task from another 
available machine? For example, a dozer pushing soil to a fill 400 
feet away probably should be replaced by a tractor-drawn scraper. 

(4) Can its output be increased materially by adding supplemental 
labor or equipment? For example, the output of a tractor-drawn 
scraper working in a heavy soil might be greatly increased by adding 
a pusher tractor. 

(5) Can its output be increased materially by using construction 
aids such as chutes and traps for loading trucks with a bulldozer? 

(6) Can its output be increased by improving construction facilities; 
for instance, by smoothing haul roads or sprin&ing to settle dust? 

(7) Is the construction team correctly balanced? For example, 
should more dump trucks be added to the power-shovel team? Are 
trucks now waiting in line? 

(8) Is inadequate lighting slowing down night operations? 

(9) Is the machine being properly and rapidly serviced? Is first 
echelon repair being performed promptly? 

(10) Are operators fully aware of their responsibilities and have they 
been properly trained in the type of work they are now doing? 

e. Lobor. Labor schedules and work output records should be care- 
fully reviewed and analyzed. All crews should be inspected and ob- 
served. Using information obtained from these sources, the officer in 
charge should be able to answer the following questions: 

(1) Is each crew giving maximum output under existing conditions? 

(2) Could part or all of the crew be employed to better advantage 
on another task? 

(3) Can the labor be replaced by an available piece of equipment? 
For example, laborers shaping and finishing a side ditch can be re- 
placed by a blade grader. 

(4) Can output of the crew be increased by adding more hand tools 
or equipment? For example, pneumatic tampers are usually more effi- 
cient than hand tampers. 

(5) Do the crew foremen know their jobs and are they keeping the 
men working at full capacity? 

(6) Is civilian labor being used to best advantage? That is, is too 
much or too little civilian labor being used, is it distributed properly 
among troops, is it assigned to proper tasks, is it using procedures at 
which it is most efficient? 

f. Materials. Requirement, production, and delivery schedules for 
materials must be reviewed and analyzed. Field tests must be made 
to determine the quality and condition of materials, and field inspec- 
tions must be conducted to see if they are being properly handled. 
Using information obtained from these sources, the officer in charge 
should be able to answer the following questions: 

(1) Is overburden being removed from quarries and pits properly 
and efficiently? 

(2) Are proper methods being used to remove material ffom quar- 
ries and pits and is the material of satisfactory quality? 

(3) Are crushing, screening, and washing plants, and concrete and 
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CHAPTER 7 

PIONEER ROADS AND ADVANCED LANDING FIELDS 


Section L GENERAL CONSIDERATIONS 

108* PURPOSE. This chapter tells how to manage the construction of 
pioneer roads and advanced landing fields. 

109. GENERAL The construction of pioneer roads and advanced land- 
ing fields differs from the construction of improved roads and air- 
dromes for the following reasons. 

a. They are temporary in nature and limited to technical essentials. 

b. They are built with the utmost economy of time, labor, materials, 
and transportation. 

e. Construction is done with equipment on hand and immediately 
available. 

d. They require readiness and ability to improvise and substitute. 

110. MISSION. The mission of building a pioneer road or advanced 
landing field is given in an oral or written directive. The directive 
states the time allotted, the location, and the anticipated type and 
density of traffic. 

111. ORGANIZING THE JOE. Immediate steps taken by the officer 
in charge to organize the job are listed below in their proper order. 

a. Bring equipment, troops, and materials to the site. 

b. Start work immediately on available tasks. 

c. Make a personal construction reconnaissance. 

d. Prepare a simple construction-operations schedule. 

•. Reassign labor and equipment to conform to the schedule. 

112. CONSTRUCTION SUPERVISION. Close supervision by the officer 

in charge and his assistants is necessary to keep the work on schedule. 
An unexpected delay on one phase of the work is offset by shifting 
labor and equipment from other assignments which are ahead of 
schedule or are of less importance. I'he work must progress on schedule 
and at a uniform rate. 


Section II. PIONEER ROADS 

113. GENERAL This section tells how to plan, estimate, and schedule 
labor, equipment, and materials for the construction of pioneer roads. 

114. CONSTRUCTION RECONNAISSANCE. A personal reconnais- 
sance is made of the entire project which is divitied into work sites 
easily recognizable by landmarks, such as sidehill cuts or stream cross- 
ings. A simple sketch (fig. 183) showing location, source of local 
materials, soil conditions, and general construction features is prepared. 
This sketch is helpful also when actually assigning tasks. 
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115. ESTIMATING WORK. a. Work estimate. As the reconnaissance 
proceeds, a work estimate sheet (fig. 183) is prepared to supplement 
the reconnaissance sketch. This sheet shows the following data: 

(1) Location of each task. 

(2) Description of specific task, including hastily estimated quan- 
tities and dimensions. 

(3) Labor, equipment, materials, and time required for each task. 

b. Productive capacity of labor and equipment. Table LXVlll 
lists normal work output for labor and equipment based on average 
materials, efficient supervision and operation, and proper equipment 
maintenance. See chapter 5 for more detailed tables. Work output 
figures given should be modified where necessary to suit conditions 
peculiar to the job. 

c. Work items. Divide the work to be done into four items: 

(1) Drainage. 

(2) Clearing. 

(3) Grading. 

(4) Surfacing, 

d. Quantities. A quantity survey is made as the reconnaissance 
proceeds. The survey is made in the simplest possible units. Certain 
tasks are converted into equipment-hours or man-hours directly with- 
out estimating quantities. For example, table LXVIIl shows directly 
the linear feet of sidehill cut that can be made per hour by a tractor- 
angledozer combination. 

(1) Drainage. Drainage work is estimated for ditches, structures, 
and swampy or boggy areas. 

(a) Ditches. Pace the length and convert to squad-hours or equip- 
ment-hours by use of table LXVIIl, or estimate the depth, width, and 
shape, and compute the yardage to be excavated. 

(6) Structures. Note dimensions, list materials and special tools 
required, and estimate squad-hours to construct. 

(c) Swampy areas. Estimate materials required for corduroy or 
other expedient means of crossing and squad-hours to construct. 

(2) Clearing, (a) Classify. Clearings are classified as light, medium, 
or heavy. Obtain the area by multiplying the average width by the 
length. See table LXVIIl for estimated rate of clearing by labor and 
equipment. 

(b) Large trees. Large trees are blasted or cut. Count or estimate 
the number of trees of this class, and estimate the labor and materials 
required to remove each tree. 

(3) Grading. Grading is classified in terms of sidehill cut, short-haul 
or long-haul excavation, and shaping. Compaction does not require 
quantity estimation since pioneer roads are usually compacted by travel 
of the earth hauling and handling equipment. 

(a) Sidehill cut. The length of cut is paced and ground slope in 
degrees is measured with clinometer or estimated. Work output of 
tractor-angledozer on sidehill cut in linear feet per hour is given in 
table LXVIIl. 

(b) Short-haul excavation. Dirt that is excavated and moved short 
distances is best moved by the tractor-dozer or tractor-scraper combina- 
tion. A rough estimate of yardage and average haul distance is re- 
quired before equipment-hours can be estimated. 
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able to complete all tasks within the time allotted, certain tasks will 
have to be eliminated. If none of the proposed tasks can be eliminated 
without seriously impairing the usability of the road, construct to 
minimum standards throughout and use expedients. 

b. The controlling work item is determined and enough labor and 
equipment are assigned to complete it within the time allotted. Clear- 
ing and grading normally constitute the bulk of the work. 

c. Remaining equipment and labor are assigned to other items. 
Some tasks for which ample time is available are performed entirely 
by hand labor, or by hand labor supplemented with expedient equip- 
ment. 

d. The assignment of equipment to work items and tasks is adjusted 
and balanced until a schedule has been set up by which the job can 
be completed on time. 

e. Temporary work assignments made at the time labor and equip- 
ment arrived at the work site are canceled and work is started under 
the new schedule. 


Section III. ADVANCED LANDING FIELDS 

117. GENERAL a. This section tells how to plan and manage the 
construction of advanced landing fields. 

b. See FM 5-255 for requirements, reconnaissance, lay-out, estima- 
tion, and construction of advanced landing fields. 

118. CONSTRUCTION RECONNAISSANCE. The extent of construc- 
tion reconnaissance depends on the information available in advance. 
The directive assigning a unit to construct an advanced landing field 
normally designates several alternate sites selected from aerial recon- 
naissance and intelligence reports. 

a. Advance reconnaissance detachment. The officer in charge 
accompanies an advance reconnaissance detachment to the proposed 
sites and makes a rapid but accurate appraisal of conditions, verifying 
previously acquired information. Site selection is based on principles 
set forth in TM 5-255. 

b. Lay-out and quantity survey. While the advance reconnaissance 
detachment prepares the lay-out and quantity survey under the per- 
sonal supervision of the officer in charge, available equipment and 
troops are immediately ordered to the site selected. 

119. SCHEDULING, a. Preliminary werL In advance areas where 
equipment and troops cannot reach the site over existing roads or 
trails, a landing strip meeting minimum requirements for transport 
plane operation is constructed by an advance party. This work is done 
entirely by hand labor and glider-borne equipment (fig. 185) , and 
initial scheduling consists only of assigning this advance party to the 
most essential work. Airborne equipment is described in chaptei 3. 

b. Construction-operations schedule. As heavy equipment and 
additional labor arrive at the site, they are assigned to jobs under an 
operational schedule based on data obtained from reconnaissance, hasty 
estimates, and estimated work output of equipment. This is done in 
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Figure 1S5. Airborne scrapers^ hydraLdiically operated Unved-lype of Ji/o cubic yard 
cafyarity, working on an advanced lamllng field. These si rapers are organic equipmcrii 

of airborne dviulion battalions: 


a manner similar to that shown in figure 1 SI. Principles outlined in 
chapter 3 and in section II of this chapter are followed in scheduling 
and supervising the job. 

c. Control, Best lesults are obtained by placing one complete opera- 
tion under the control of a tactical unit. For example^ have one platoon 
responsible for all clearing and griibbing^ another for all drainage 
work, and a third for grading and coinpaciion. 
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Graders— Continued. 

Proper operating technique 

Purpose 

Supervisors check list 

Supervision for niaxitnuin work output 

Work output formula 

Harrows 

Heaters, asphalt 

Inspection 

Interference, enemy 

Jobs, organizing 

Kettles, asphalt 

Labor: 

Civilian 

Emergency man-hours 

Normal man-hours per" day 

Prisoner-of-war 

Troop ,. . . 

Use 

Work output per mandiour 

Landing fields, advanced: 

Construction 

General , 

Machines, ditching: 

Physical characteristics 

Use 

Maintenance, equipment 

Mixers: 

Concrete 

Rotary-tiller 

Mowers, use 

Operations, construction: 

Application of equipment 

Lighting 

Purpose and scope 

Operators, equipment 

Organization 

Pavers 

Pipe lines 

Plants: 

- Asphalt, (10-unit) 

Application and management 

Plows, use 

Ponding 

Power shovels, physical characteristics 

Quarrying: 

Methods 

Purpose 

Reconnaissance, construction 

Records, progress 

Requirements, job 

Resources, local, use 

Roads, Pioneer: 

General 

^ Construction 

. . Mission 

Rollers: 

J*" Estimating work output 

Operation and management 

Rubber-tired, wheeled 

Sheeps-foot, use " 

Tandem 

Three-wheel, 10-ton 

Rooters, use 
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111 

47 

134, 136 

45 

114-116 

44a 

113 

49a 

142 

62f 

174 

104 

258,259 

10 

4 

111 

266 

62e 

174 

87 

232-235 

91 

237,238 

90 

236,237 

88 

235 

86. 

232 

85 

232 

89 

236 

109 

266 

117 

272 

68 

191 

69a 

191 

107 

265 

65 

183-188 

49e 

142 

69b 

191 

13 

6-43 

71 

200 

70 

200 

107 

265 

103 

258 

65 

183-188 

83 

231 

62g 

174 

63 

174-183 

49b 

140, 141 

84 

231 

30 

88-91 

76b 

213-218 

76a 

213 

114,118 

266-272 

105 

259-262 

5 

2 

11 

5 

113 

266 

109 

266 

110 

266 

59 

170 

60 

171-173 

58d 

170 

58a 

169 

58c 

170 

58b 

169, 170 

49a 

136-140 
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Saws, chain, gasoline -powered 

Schedules, preparation 

Scheduling 

Detail 

General study 

Introduction 

Steps 

Scrapers: 

Checking performance 

Controlling factors 

Estimating work output 

Hauling 

Loading 

Miscellaneous operations 

Physical characteristics 

Purpose 

Shovels, supervision for maximum work output. . 
Spreaders: 

Aggregate 

Concrete, form riding 

Supervision: 

Construction 

Elements 

Surveys, quantity 

Sweepers, rotary-broom, use 

Tanks, asphalt: 

Truck-mounted (800 gal.) 

Trailer-mounted (1,500 gal.) 

Time 

Tools, Pneumatic: 

Physical characteristics 

Supervision for maximum work output 

Use : 

Work output \ 

Tractors: ^ oiu 

Controlling factors 

Physical characteristics 

Purpose 

Use in deep water 

Trailers: 

Equipment- 

Physical characteristics . . . : V : . 

Supervision for efficient use V. . . 

Use 

Rock or bottom-dump dirt 

Transportation, facilities 

Travel-plant, operations 

Trench hoe 

Trucks, dump: 

Estimate of output 

Issue 

Number required 

Physical characteristics 

Supervision for maximum work output 

Units, clearing, tractor-mounted 

Wagons: 

Bottom-dump dirt 

Rock 

Weather 

Winches, tractor-mounted 

Work output: 

Estimating 

Maximum, supervision 
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